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1 Study Synopsis  
This is an open-label, multicenter, 2x2 factorial design, randomized controlled, Phase 
III study comparing the disease free survival after randomisation in patients treated 
with 3 cycles of Epirubicin-Fluorouracil-Cyclophosphamide(FEC)-chemotherapy, 
followed by 3 cycles of Docetaxel(D)-chemotherapy versus 3 cycles of Epirubicin-
Fluorouracil-Cyclophosphamide(FEC), followed by 3 cycles of Gemcitabine-
Docetaxel(DG)-chemotherapy, and to compare the disease free survival after 
randomisation in patients treated with 2 years of Zoledronate versus 5 years of 
Zoledronate in patients with early primary breast cancer. Patients will be required to 
have histopathological proof of axillary lymph node metastases (pN1-3) or high risk 
node negative, defined as: ‘pT≥2 or histopathological grade 3, or age ≤ 35 or 
negative hormone receptor’, but are not allowed to have evidence of distant disease. 
Patients will have to be entered into the study no later than 6 weeks after complete 
resection of the primary tumor. No other antineoplastic treatment other than surgical 
treatment, the defined cytotoxic and endocrine treatment and radiotherapy will be 
allowed prior to study entry and during the course of the study. 
After surgery, leading to R0 resection of the invasive and intraductal components of 
the primary tumor, patients will be randomized to one of the following treatments: 

First randomization A 
AA: 3 cycles of 5-Fluorouracil 500 mg/m² i.v. body surface area and Epirubicin 

100 mg/m² i.v. and Cyclophosphamide 500 mg/m² i.v., (FEC100), each 
administered on day 1, repeated on day 22, subsequently followed by 3 
cycles of Docetaxel 75 mg/m² body surface area i.v. (D), and Gemcitabine 
1000 mg/m² i.v. (30 min infusion) (G), administered on day 1, followed by 
Gemcitabine 1000 mg/m² i.v. (30 min infusion) on day 8, repeated on day 
22 

AB: 3 cycles of 5-Fluorouracil 500 mg/m² i.v. body surface area and Epirubicin 
100 mg/m² i.v. and Cyclophosphamide 500 mg/m² i.v., (FEC100), each 
administered on day 1, repeated on day 22, subsequently followed by 3 
cycles of Docetaxel 100 mg/m² body surface area i.v. (D), administered on 
day 1, repeated on day 22 

 
 
Second  randomization B 

BA: Zoledronic acid 4 mg i.v., every 3 months for the duration of two years, 
subsequently followed by zoledronic acid 4 mg i.v., every 6 months for the 
duration of additional three years  

BB: Zoledronic acid 4 mg i.v., every 3 months for the duration of two years 
 
During the zoledronic acid treatment period, patients will receive 500 mg Calcium 
p.o. qid and 400 i.E. Vitamin D p.o. qid. 
Patients with positive hormone receptor status (≥ 10 % positively stained cells for 
estrogen and/or progesterone) of the primary tumor will receive Tamoxifen                                      
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treatment 20 mg p.o. per day for 2 years, after the end of chemotherapy. Subsequent 
to chemotherapy, postmenopausal patients with positive hormone receptor status will 
be treated with Anastrozole (Arimidex®) 1 mg p.o. for additional 3 years, 
premenopausal patients will continue Tamoxifen treatment for additional 3 years. In 
addition to tamoxifen, all patients with positive hormone receptor status of the 
primary tumor and under the age of 40 or restart of menstrual bleeding within 6 
months after the completion of cytostatic treatment or with premenopausal hormone 
levels as defined below will receive Goserelin (Zoladex®) 3.6 mg subcutaneously 
every 4 weeks over a period of 2 years following chemotherapy.(2;3) Premenopausal 
endocrine status will be assumed, if the following serum levels are met: LH < 20 
mIE/ml, FSH < 20 mIE/ml and E2 > 20 pg/ml. Endocrine therapy will start after the 
end of chemotherapy.  
All patients with breast conserving therapy or more than 3 axillary lymph node 
metastases or in the following cases after mastectomy: 

• T3/T4-carcinoma 
• T2-carcinoma > 3 cm 
• multicentric tumor growth 
• lymphangiosis carcinomatosa or vessel involvement 
• involvement of the pectoralis fascia or a safety margin < 5 mm.(4) (5;6) 

will receive adjuvant radiotherapy.  
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2 Background 

2.1 Systemic Treatment of Primary Breast Cancer 
Breast cancer is the most frequent malignoma of the female in all countries of the 
industrialized western hemisphere. Approximately 28 % of all malignancies in the 
countries of the European Community (EC) were attributed to neoplasms of the 
female breast. There were 73.557 deaths caused by breast cancer in the countries of 
the EC in 1990.(7) While the combination of locoregional and systemic treatment has 
early been shown to improve the prognosis of the disease considerably,(8) only 25 % 
of all patients will be cured after primary therapy.  
Halsted’s demand for radical mastectomy as treatment of choice for breast cancer 
dates back to the 1880’s and was based on the understanding of breast cancer as a 
locoregional disease. This view was questioned by a series of studies between 1950 
and 1970(9). These studies established the advantages of limited local therapy and 
finally led the way to breast conserving surgery and systemic treatment. Breast 
conserving treatment, once controversially discussed, is now an established 
alternative to modified radical mastectomy for surgically manageable breast cancer. 
Several prospective, randomized controlled trials have uniformly reported similar 
rates of distant disease free survival and overall survival after long-term follow-up(10-
15). While one of the major concerns in breast conserving treatment is the risk for 
local recurrence, the literature reports wide variation ranging from 3% to 25%(16;17). 
This risk continuously increases with time at a yearly conditional event probability of 
approximately 1%(18). This is in contrast to chest wall recurrences, which 
predominantly take place within the first 3 years after primary treatment. However, 
local recurrences after breast conserving therapy stay without major impact on the 
overall survival of these patients. 
Systemic treatment is widely accepted as adjuvant, integral part of primary therapy in 
patients with average to high risk for relapse according the St. Gallen risk criteria:(19)  

Table 1 St. Gallen Risk Criteria 2005 
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According to this risk assessment, all breast cancer patients should receive adjuvant 
systemic treatment, except those, who meet all of the following favorable risk 
criteria:(19) 

• no axillary lymph node metastases 
• age ≥ 35 years 
• endocrine-responsive disease 
• tumor ≤ 2 cm 
• histopathological grading G1 
• no HER2-neu overexpression 
• no vascular space invasion. 

 
In all other patients, systemic treatment, either primarily systemic or adjuvant should 
be considered. 
Treatment options should be considered and decided upon in the context of case 
management meetings, which should include: 

• Weekly multidisciplinary case management meetings dealing with  
o diagnosis (surgeons, radiologists and pathologists) 
o further case management (surgeons, radiologists, pathologists, 

oncologists) 
o advanced breast cancer management 

• San Antonio Database (Adjuvant Online) estimate support for decision making 
• National guideline conformity assurance 
• Daily counselling clinics to support decision making for the relevant patients 

 
Within this protocol, patients will be treated according to the relevant national and 
international guidelines. 
 
 
 
 

2.2 Anthracyclines in Adjuvant Therapy of Breast Cancer 

Present data indicate that only women with node-negative breast cancers < 2 cm in 
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diameter and histopathological grade 1 (pT1, pN0, G1) have similar survival 
likelihood as age-matched women without breast cancer.(20) Therefore, women in 
this subgroup should only receive chemotherapy in the setting of a controlled clinical 
trial with carefully informed consent. 
The cyclophosphamide, methotrexate, and fluorouracil (CMF) regimen was among 
the first multiagent regimens to show disease-free survival and overall survival 
benefits in patients with a more advanced stage of disease.(21;22) CMF still 
represents the adequate standard of care for patients with low risk disease;(23) for 
elderly patients and for those patients who have preexisting cardiac dysfunction or 
hypertension, the nonanthracycline regimen CMF may be preferable.(24) However, 
for patients with an increased risk for recurrence, several randomized studies and the 
2000 Oxford overview confirms that anthracycline-based multiagent chemotherapy 
offers a significant survival benefit compared with CMF.(25-29) The meta-analysis of 
the Early Breast Cancer Trialists’ Collaborative Group 1998 estimates a recurrence 
free survival benefit of 3.2% and an overall survival benefit of 2.7 % for anthracycline-
based multi agent chemotherapy compared to CMF.(27) 

Figure 1 Randomized trials comparing CMF to anthracycline-based 
chemotherapies(27) 
 
 
SECSG-02 6 FAC / 6 CMF 
ONCOFR 12 FAC / 12 CMF 
SE BCG-A 8 AC / 7 CMF 
Br-0283 Polych. / 6 CMF 
NSABP-15 AC/AC-CMF/CMF 
GUN-03  3 CMFEV / 6 CMF 
ICCG  8/6 FEC / 6 CMF 
BCSG-3 6 CMFVA / 6 CMF 
GABG-3 6 FEC / 6 CMF 
Belgium 8 EC / 6 CMF 
NCI-MA5 6 FEC / 6 CMF 
 
Anthracycline-based chemotherapy therefore can be assumed as the minimum 
standard in treating breast cancer patients who need cytostatic treatment. 
Unfortunately, there is no national or international consensus on which regimen is 
preferable. Currently, there are two regimen internationally accepted as standard for 
anthracycline based chemotherapy: the Canadian FEC120 ‘Levine’ regimen(26) and 
the French FEC100 ‘Bonneterre’ regimen. 
The results published by Levine et al. showed clear superiority of FEC chemotherapy 
over CMF in terms of both disease-free and overall survival. The 5-year recurrence-
free survival rates were 63 % in the patient group treated with FEC and 53 % in the 
patient group treated with CMF (P= .009). The corresponding 5-year actuarial 
survival rate were 70% and 77%, respectively (P= .03). However, it should be noted, 
that the rate of hospitalization for febrile neutropenia was significantly higher in the 
FEC group (8.5 %, compared to 1,1% in the CMF group). None of the febrile 

DFS OS
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neutropenic episodes was fatal. There was no case of congestive heart failure noted 
in the FEC group. Five patients in the FEC group experienced acute leukemia. In 
general, patients who received FEC had more acute toxicity than CMF patients. 42 % 
of the FEC patients had grade 2 or more vomiting compared with only 18 % of CMF 
patients (P = .0001). Similar differences were seen for nausea and stomatitis. For 
FEC patients, the median nadir of the white blood cell count was 1.0*109/l, compared 
to 1.7*109/l in the CMF group.(26) 
The French Bonneterre FEC100 regimen (5-FU 500mg/m², Epirubicin 100mg/m², 
Cyclophosphamide 500mg/m², all i.v. q3s) is even more popular and has proofed to 
be significantly superior to the FEC50 regimen.(30;31) The 10-year DFS was 45.3% 
in FEC 50 and 50.7% in FEC 100, with a relative risk (RR) reduction of 24% 
(Wilcoxon, p=.03). The 10-year OS was 50% and 54.8%, respectively, with a RR 
reduction of 29% (Wilcoxon, p=.03). In the multivariate analysis including patients 
and tumor characteristics, FEC 100 remained significantly superior to FEC 50 for 
both DFS (p=.08) and OS (p=.04). In the FEC 50 arm, long-term side effects (not 
related to treatment) were: myocardial infarction, and acute lymphoblastic leukemia; 
in FEC 100: 3 congestive heart failures and 1 acute myeloblastic leukemia FAB 4 
(probably related to chemotherapy). Overall, the 10-year DFS? EFS was 44.5% and 
49.3%, respectively (Wilcoxon, p=.06). This regimen lacks a direct comparison to the 
classical CMF-regimen, but also meets the standard criteria of a multi-agent 
anthracycline regimen, containing at least 30mg/m² epirubicin per week. It appears 
most unlikely that the Bonneterre FEC100 regimen is inferior to the FEC120 regimen, 
despite the fact that there is no data on a direct comparison available. Therefore, the 
Bonneterre FEC100 regimen is widely accepted as alternative anthracycline 
standard. 
Further dose escalations of anthracyclines and of cyclophosphamide beyond the 
already intense dose have so far not proven superior in large randomized controlled 
trials.(32-34) 
Epirubicin has been chosen as anthracycline component of the standard and 
experimental therapy regimen for the following reasons: 

• Epirubicin (4'-epidoxorubicin) is an antineoplastic agent derived from 
doxorubicin. The compounds differ in the configuration of the hydroxyl group 
at the 4' position. Epirubicin, like doxorubicin, exerts its antitumor effects by 
interference with the synthesis and function of DNA and is most active during 
the S phase of the cell cycle. The overall activity of epirubicin appears to be 
comparable with that of doxorubicin,(35) while toxicity is more frequent and 
more pronounced in patients receiving doxorubicin instead of epirubicin.(36) 

• Epirubicin has been successfully used in the Bonneterre regime,(26)  

• Epirubicin is used more widely in countries of the European Union, particularly 
in Germany. Epirubicin based regimens are the corner stone for 
recommendations of the Gravenbruch and St. Gallen consensus 
recommendations.(23) 

• To evaluate the potential benefit of using gemcitabine in addition to docetaxel, 
it seemed important and appropriate to use the same anthracycline in the 
experimental treatment arm as in the standard arm. 
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2.3 The Role of Taxanes in the Therapy of Breast Cancer 

Since about 1995, there is increasing evidence that the taxanes are among the most 
promising new chemotherapy agents for the treatment of breast cancer.(37) While 
the majority of data on the efficacy of these agents have been generated with the 
agent paclitaxel, there now is also sufficient data available on the efficacy of 
docetaxel containing regimen as new possible standard of care, in order to justify the 
initiation of this phase III trial. 

2.3.1 Docetaxel in the Treatment of Metastatic Breast Cancer 

In four phase II studies involving 134 patients with metastatic breast cancer, 
classified as anthracycline-resistant, docetaxel produced response rates ranging 
from 29 % to 54 %, with an overall response rate of 41 % (35 – 50 %, 95 % CI). The 
median time to progression was 4.3 months, the median survival time was 10.6 
months.(38) 
Subsequently, several phase III studies have been conducted, comparing therapeutic 
efficacy and toxicity of docetaxel with that of anthracyclines. In a recently published 
study of the 303 Study Group, patients were randomized to receive an intravenous 
infusion of docetaxel 100 mg/m² or doxorubicin 75 mg/m² every 3 weeks for a 
maximum of seven treatment cycles.(39) 326 patients were followed for a median of 
23 months. Overall, docetaxel produced a significantly higher rate of objective 
response than did doxorubicin (47.8% v 33.3%; P=.008). Docetaxel was also 
significantly more active than doxorubicin in patients with negative prognostic factors, 
such as visceral metastases (objective response, 46% v 29%) and resistance to prior 
chemotherapy (47% v 25%). Median time to progression was 26 weeks in the 
docetaxel group, compared to 21 weeks in the doxorubicin group (difference not 
significant). However, median overall survival was similar in the two groups 
(docetaxel, 15 months; doxorubicin, 14 months). Febrile neutropenia occurred more 
frequently in the doxorubicin group (12.3 %, compared to 5.7 % in the docetaxel 
group). 
At the 1999 ASCO meeting, Nabholtz et al. presented a pivotal randomized phase III 
study of doxorubicin plus docetaxel (50/75) versus doxorubicin plus 
cyclophosphamide (60/600) as first-line chemotherapy for 429 patients with 
metastatic breast cancer, doxorubicin/docetaxel emerged as the more effective 
regimen. The response rate in patients with doxorubicin plus docetaxel was 60 % 
compared to 47 % in patients with doxorubicin plus cyclophosphamide.(40;41) In 
another phase III study by this author, docetaxel was compared with mitomycin plus 
vinblastine (MV) in patients with metastatic breast cancer (MBC) progressing despite 
previous anthracycline-containing chemotherapy. 392 patients were randomized to 
receive either docetaxel 100 mg/m2 intravenously (i.v.) every 3 weeks or mitomycin 
12 mg/m2 i.v. every 6 weeks plus vinblastine 6 mg/m2 i.v. every 3 weeks. Median 
time to progression and overall survival were significantly longer with docetaxel than 
MV (19 vs. 1 weeks, P=.001, and 1.4 vs. 8.7 months, P=.0097, respectively).(42) 
At theASCO 2001 meeting, Bonneterre et al. presented a randomized phase II study 
to evaluate the activity of ET (75/75 mg/m2) combination versus a standard 
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anthracycline based regimen (FEC 75) in first line metastatic breast cancer patients. 
In this study, out of 105 evaluable patients, the response rate was 65% in the ET-arm 
and 37% in the FEC-arm. The authors concluded that the ET activity appeared 
considerably higher than the FEC activity.(43) In another phase III study at this 
meeting, Docetaxel, Doxorubicin and Cyclophosphamide (75/50/500 mg/m2) was 
compared to FAC (500/50/500 mg/m2) d1q3wk (maximum 8 cycles) as first line 
chemotherapy for metastatic breast cancer. As depicted in the following table, this 
study confirmed superiority of docetaxel-anthracycline based regimen compared to 
anthracycline containing multi-agent chemotherapy in terms of response rates.(44) 

Table 2 Randomized Phase III Trial Comparing DAC to FAC in 
Metastatic Breast Cancer(44) 

 
 
 

2.3.2 Taxanes in the Adjuvant Treatment of Primary Breast Cancer 

2.3.2.1 Paclitaxel in the Adjuvant Treatment of Primary Breast Cancer 

Based on the 20- and 30-months results of the Cancer and Leukemia Group B 
(CALBG) 9344 trial, the addition of paclitaxel to the adjuvant treatment of node-
positive breast cancer has been approved in the United States, but not in 
Europe.(34) In this trial, patients were prospectively randomized to receive three 
different doses of adriamycin (60 mg/m², 75 mg/m², 90 mg/m² as part of four cycles 
AC chemotherapy), followed by a randomization between nihil (AC) or subsequent 
therapy with 175 mg/m² paclitaxel (AC→T).  
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Figure 2 CALGB 9344 prospectively randomized trial to compare 4 
cycles of AC with 4 cycles of AC followed by paclitaxel(34) 

 
At the time of first presentation of these data, the recurrence free survival rate at 18 
months follow-up was 86 % in the AC treatment arm and 90 % in the AC→T 
treatment arm (P=.0077). The overall survival rates were 95 % and 97 %, 
respectively (P=.039). No differences were seen between the patient groups with 
different doses of anthracycline. However, currently up-dated study results, 
presented by Henderson et al. at the 2000 San Antonio Breast Cancer Symposium 
and at the National Institute of Health CDC Meeting, did not maintain the same level 
of significance.  

Table 3 Development of study results of the CALGB 9344 by 
extended follow-up 
 ASCO 98 SNDA 99 NIH CDC 2000 

Median Follow-up (months) 21 30 52 
Number of recurrences 423 624 901 
Number of deaths 200 342 589 
Reduction of hazard ratio 
(recurrence) 

22 % 22 % 13 % 

Reduction of hazard ratio (death) 26 % 26 % 14 % 

Further criticisms of the CALGB trial include that it is not clear to what extent the 
duration of treatment, which was longer in the AC→T treatment arm, which may have 
influenced the study results. In 2003, the final analysis of the study was published, 
mostly confirming the initially indicated survival benefit.(45) The hazard reductions 
from adding paclitaxel to AC were 17% for recurrence (adjusted Wald chi(2) P 

Intergroup study 0148 (C. Henderson): 
Studiendesign

AC (mg/mAC (mg/m22))

60 x 460 x 4 nihilnihil

RandomRandom.. 75 x 475 x 4

PaclitaxelPaclitaxel
90 x 490 x 4 175 mg/m175 mg/m22 x 4x 4
(+ G(+ G--CSF)CSF)
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=.0023; unadjusted Wilcoxon P =.0011) and 18% for death (adjusted P =.0064; 
unadjusted P =.0098). At 5 years, the disease-free survival (+/- SE) was 65% (+/- 1) 
and 70% (+/- 1), and overall survival was 77% (+/- 1) and 80% (+/- 1) after AC alone 
or AC plus paclitaxel, respectively. The effects of adding paclitaxel were not 
significantly different in subsets defined by the protocol, but in an unplanned subset 
analysis, the hazard ratio of AC plus paclitaxel versus AC alone was 0.72 (95% 
confidence interval, 0.59 to 0.86) for those with estrogen receptor-negative tumors 
and only 0.91 (95% confidence interval, 0.78 to 1.07) for patients with estrogen 
receptor-positive tumors, almost all of whom received adjuvant tamoxifen. The 
additional toxicity from adding four cycles of paclitaxel was generally modest. The 
authors concluded that the addition of four cycles of paclitaxel after the completion of 
a standard course of AC improves the disease-free and overall survival of patients 
with early breast cancer 
Preliminary results of the other major trial, including paclitaxel in the adjuvant 
treatment of breast cancer, the NSABP B-28 trial were presented at the ASCO 2003 
meeting.(46) In this study with similar design, paclitaxel 225 mg/m² q4w following four 
cycles of AC were applied instead of 175 mg/m². All patients � 50 years and those < 
50 with ER-or PgR-positive tumors also received tamoxifen 20 mg p.o. daily for 5 
years, starting with AC. Most frequently reported grade 3+ toxicity on AC (% of pts): 
day 1 granulocytopenia: 8%, febrile neutropenia: 7%, nausea: 6%, vomiting: 5%, 
infection: 3%, thromboembolic events: 2% and stomatitis: 2%. Most frequently 
reported grade 3+ toxicities on T (% of pts): neurotoxicity: 19%, arthralgia/myalgia: 
11%, day 1 granulocytopenia: 4%, febrile neutropenia: 2%, infection: 2%, 
thromboembolic events: 2% and hypersensitivity reactions: 1%. While after a median 
follow-up of 64.6 months, disease free survival was significantly improved in patients 
receiving paclitaxel (p=0.008), overall survival did not differ statistically between the 
two treatment arms (p=0.46). 

Figure 3 Disease Free Survival of NSABP B-28 Trial(46) 
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Figure 4 Overall Survival of NSABP B-28 Trial(46) 

 
 
2.3.2.2 Docetaxel in the Adjuvant Treatment of Primary Breast Cancer 

 
To date, there are results of two major randomized Phase III trials including 
docetaxel in the adjuvant treatment of breast cancer available. The first, more mature 
trial, the BCIRG 001 trial compared TAC (75/50/500 mg/m2 q3wk x 6) with FAC 
(500/50/500 mg/m2 q3wk x 6) in node positive breast cancer. 

Figure 5 BCIRG 001 Study Design 
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At the ASCO Annual Meeting 2002, a planned interim analysis at 33 mos median 
follow-up (range 0-49 mos) was presented.(47) Cox analysis for disease free survival 
showed a relative risk ratio for TAC/FAC of 0.64 (0.50,0.81; p=0.0002) and for overall 
surival 0.71 (0.50,1.00; p=0.049). For DFS, there were 119 events on TAC and 170 
on FAC; 82% of patients on TAC and 74% on FAC were alive and disease-free. 
However, in patients with more than 3 metastatic axillary lymph nodes, neither 
disease free, nor overall survival differed significantly between the two study arms. 
Febrile neutropenia (24% vs 2%) and grade 3/4 infection (2.8% vs 1.3%) were higher 
with TAC. No septic deaths occurred. Other grade 3/4 toxicities in > 5% of patients 
included nausea (9%), vomiting (7%), asthenia (5%) with FAC and asthenia (11%), 
stomatitis (7%) with TAC. Congestive heart failure incidence was 1.2% on TAC and 
0.1% on FAC.  

Table 4 2nd Interim Analysis of the BCIRG 001 Study(48) 

 
At the SABCS 2003, the second interim analysis was presented. At a median follow-
up of 55 months and 399 DFS events, a statistical boundary of 0.001 for DFS 
adjusted for nodal (N) status was defined for this analysis.(48) For DFS, there were 
172 events on TAC and 227 on FAC: 80% and 75% of pts on TAC were alive and 
disease-free at 4 and 5 years respectively, vs.71% and 68% on FAC. For OS, there 
were 91 events on TAC and 130 on FAC: 89% and 87% of pts on TAC were alive at 
4 and 5 years respectively, vs. 85% and 81% on FAC. HER2neu amplification was 
centrally reviewed. TAC/FAC DFS hazard ratio was 0.61 (0.42-0.90; p=0.0118) in 
HER2+ pts, and 0.76 (0.58-0.99; p=0.0380) in HER2- pts. There were no changes in 
the toxicity profile since the first interim analysis. 
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Figure 6 Disease Free Survival of BCIRG 001 at 2nd Interim 
Analysis(48) 

 
 

Figure 7 Overall Survival of BCIRG 001 at 2nd Interim Analysis(48) 

 
 
The results of the first interim analysis of the other randomized Phase III trial, the 
French PACS 01 study were presented at the SABCS 2004.(49) Pts had localized, 
resectable, non pre-treated, unilateral breast cancer. Main inclusion criteria were: 
age < 65 years, at least one positive node, no metastasis, normal cardiac, hepatic, 
haematological and renal functions. Arm A: 6 cycles of FEC100 
(5FU/epirubicin/cyclophosphamide 500/100/500 mg/m  day 1, every 3 weeks); Arm 
B: docetaxel 100 mg/m  (day 1, every 3 weeks) replaced FEC100 for the last 3 
cycles. First chemotherapy was to be started no more than 42 days after surgery. G-
CSF was given in cases of febrile neutropenia or delay of neutrophil recovery by day 
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21. Radiotherapy was mandatory after conservative surgery and tamoxifen was given 
for 5 years if tumors were positive for at least one hormone receptor (HR). To ensure 
a minimal power of 90%, the analysis was to be carried out at a median follow-up of 
60 months and, if at that time, 469 events or more have been observed. 

Figure 8 PACS 001 Study Design 

 
Treatment was completed for 95% and 93.4% of pts in arms A and B, respectively. 
Toxicity was reported at 2003 SABCS (abstract 144). More febrile neutropenia and 
nail disorders were observed in Arm B and a more decreased and subnormal LVEF 
at the end of chemotherapy Arm A. Five cases of leukaemia (3 Arm A; 2 Arm B) were 
observed. No toxic deaths have been reported. As of 30 April 2004, 465 pts have 
experienced at least one event: 93 locoregional relapses, 324 metastasis, 38 
contralateral breast cancers, and 10 deaths as first event. A total number of 37 
second cancers and 210 deaths were registered. The 5 year efficacy results revealed 
a significant benefit for patients receiving 3 cycles of FEC100 followed by 3 cycles of 
docetaxel in terms of disease free survival (p=0.014) and overall survival (p=0.017). 
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Figure 9 Disease Free Survival of PACS 01 at 5 Years of Follow-
up(49) 

 
 

Figure 10 Overall Survival of PACS 01 at 5 Years of Follow-up(49) 

 
 
The results of this study provide sufficient evidence to choose the superior treatment 
arm of the PACS01 study as control arm of this protocol. 
Right now, there are 8 treatment protocols evaluating the role of docetaxel in the 
adjuvant treatment of breast cancer with currently 14,104 patients to be enrolled.(50) 
However, no efficacy results have been demonstrated so far. Optimal use of 
anthracyclines and taxanes in early breast cancer remains a promising area of 
research,(51) as will be evaluated by this study. 
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2.4 Gemcitabine in the Treatment of Breast Cancer 

2.4.1 Gemcitabine as single agent and combination drug 

Gemcitabine is an antimetabolite drug effective in breast cancer as a single agent 
and in combination with other chemotherapeutic agents. Its unique mechanisms of 
action, which involve masked DNA chain termination and several self-potentiating 
effects on DNA and RNA synthesis enzymes, result in broad and potent activity 
across many cancer types.(52) In a total of nine studies, gemcitabine monotherapy 
has reached response rates of up to 37% in the first-line setting, 26% in the second-
line setting, and 18% or better in the third-line setting. Gemcitabine is an excellent 
choice for combination therapy by its unique mechanism of action and favorable 
toxicity profile, thus limiting the risk of pretreatment-related drug resistance and 
overlapping toxicity, and by its potential for synergistic interaction with some 
combination partners as indicated in preclinical studies.(53) 
In breast cancer, as a single agent, gemcitabine yields response rates ranging from 
14%-37% as first-line therapy for advanced breast cancer and 23%-42% as salvage 
therapy. However, these were small studies with large confidence intervals around all 
the indices of benefit including response rate, response duration, and time to disease 
progression. Gemcitabine is associated with higher response rates when used in 
combination with other agents.(52) The combination of gemcitabine and 
anthracyclines-containing double- and triple-drug combinations used to treat patients 
with early-stage and advanced breast cancer were promising, with good tolerability 
and overall response rates ranging from 33%-89% in advanced disease.(54) 
Numerous phase II clinical studies have combined gemcitabine with other active 
agents such as taxanes, vinorelbine, vindesine, cisplatin, 5-fluorouracil, as well as 
anthracyclines across various regimens and conditions of pretreatment. Most of 
these two-drug combinations have consistently demonstrated higher efficacy than 
either single agent, particularly in pretreated patients. Even higher efficacy has been 
obtained with triple-drug regimens including gemcitabine, anthracyclines (epirubicin 
or doxorubicin), and paclitaxel; these regimens have yielded overall response rates 
of 58-92% as first-line treatment.(53) 
 

2.4.2 Gemcitabine in combination with taxanes in breast cancer 

The taxanes are recognized as some of the most active single agents in breast 
cancer and demonstrate remarkable activity with manageable toxicity in combination 
with gemcitabine. Gemcitabine, a novel S-phase specific cytidine nucleoside 
analogue of deoxycytidine, has broad antitumor activity with significant monotherapy 
activity in breast cancer, with response rates ranging from 22% to 42%, depending 
on the pretreatment characteristics of the patients. In general, gemcitabine`s 
favorable single-agent activity and novel mechanism of action, in addition to its 
largely nonoverlapping toxicities, have facilitated its further development in 
combination with a variety of chemotherapy agents, including the taxanes. Several 
phase I and II trials have reported impressive activity for the gemcitabine/taxane 
doublet with the suggestion of synergism between these 2 classes of agents. Given 
the remarkable and durable activity reported for this doublet, subsequent phase II 
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trials have focused on optimizing doses and schedules.(55) 
Initial studies evaluated a variety of gemcitabine/taxane administration schedules 
(Table 5).(56-62) Early trials focused on fractionated gemcitabine schedules (days 1, 
8, and 15) with taxane administration as a single dose. Murad et al reported the 
results of 29 patients with mostly anthracycline refractory metastatic disease who 
were treated with 175 mg/m 2 paclitaxel on day 1 followed by gemcitabine on days 1, 
8, and 15 at a 1000 mg/m2 every 28 days.(63) Significant thrombocytopenia (18.5%) 
experienced by the first 5 patients resulted in elimination of the day 15 gemcitabine 
dose with the remaining patients treated on a 21-day schedule. Well tolerated, an 
overall response rate of 55% was noted, including 5 complete responses (CRs). 
Growth factor use in one third of the patients resulted in only a 9% rate of grade 3/4 
neutropenia. The paclitaxel/gemcitabine combination was highly active with more 
than half of the patients achieving objective responses translating into a median 
survival of 12 months. However, the highest response rate and median survival was 
achieved for a gemcitabine/taxane doublet, utilizing the gemcitabine days 1, 8, and 
15 schedule with docetaxel.(56) In this multicenter trial, 39 patients (33 had received 
prior anthracyclines) were treated with docetaxel 100 mg/m2 on day 1 and with 
gemcitabine 800 mg/m2 on day 1 and 8. Responses were dramatic with an overall 
response rate of approximately 79% with 2 CRs, 29 partial responses (PR), and 3 
with stable disease (SD). Grade 3/4 neutropenia was universal, occurring in all 
enrolled patients, and with the stipulation that no growth factor use was permitted. 
Febrile neutropenia, however, was infrequent and evident in only 3 patients. 
Thrombocytopenia was also infrequent with only 1 patient with grade 3 
thrombocytopenia and no grade 4 occurrences. The only remarkable grade 3/4 
nonhematologic toxicity, occurring in 13 patients, was asthenia.  
Vici et al evaluated higher doses of gemcitabine at 1500 mg/m2 with paclitaxel at 150 
mg/m2 on days 1 and 15 at 28-day intervals.(57) All 20 patients evaluable for efficacy 
had received prior anthracyclines. Overall response rate was 45% with 10% CRs. As 
a result of mandated growth factor support on days 7-9 and 20-22, only 11% of the 
patients demonstrated grade 3/4 neutropenia. Median time to progression (TTP) was 
8 months. At least 5 additional phase II trials have reported significant activity evident 
for the gemcitabine/taxane doublet, each exploring a gemcitabine schedule of days 1 
and 8 in patients with previously treated MBC. Both Fountzilas et al and 
Schneeweiss et al used lower doses of gemcitabine at 1000 mg/m2 on days 1 and 8, 
with docetaxel 75 mg/m 2 on day 1 only.(58;59) In the first trial, despite all patients 
being notably anthracycline resistant, median survival surpassed 1 year. Only 19 of 
29 enrolled patients were evaluable for efficacy at the time Schneeweiss reported 
results with a noted response rate of 47% with 5 CRs. In both trials, grade 3/4 
neutropenia occurred in nearly 50% of the patients with nonhematologic toxicity 
consisting primarily of asthenia and fatigue.(62) Mucositis was the most frequent 
nonhematologic toxicity with this schedule.  
A suggestion of synergism between gemcitabine and taxanes has been evident in at 
least 2 studies. A day-8 docetaxel schedule with gemcitabine 900 mg/m2 given on 
days 1 and 8 was administered to 52 patients with anthracycline-pretreated breast 
cancer, half of whom had also previously been treated with a prior taxane-based 
regimen.(60) Growth factor used on days 9-16 resulted in only 29% grade 3/4 
neutropenia. The overall response rate was 54%, which is surprising  particularly in 



 

                   SUCCESS-Trial, Version 1.2, 15.8.2005  Page 26 

Anschrift:   D-80337 München  •  Maistraße 11  •  Telefon (0 89) 51 60-4111 (Vermittlung)  

the light of the fact that just over 50% of enrolled patients had been exposed to prior 
taxane therapy. Eleven of 25 patients (44%) previously treated with taxane-based 
regimen demonstrated 1 CR and 10 PRs to the gemcitabine/taxane doublet. 
Furthermore, 4 of these 11 responders had progressed while being actively treated 
with the taxane and in 3 of these 4 responders, docetaxel was the front-line taxane 
administered. Grade 3/4 thrombocytopenia was evident in 21%, reflecting the 
extensively pretreated patient characteristics. Another study of Alexopoulos et al 
possessed an entirely unique design. Thirty-six patients with anthracycline-resistant 
MBC demonstrated either stable (n = 22) or progressive (n = 14) disease after 4-6 
cycles of single-agent docetaxel.(61) They went on to continue treatment with 
docetaxel 100 mg/m2 every 21 days to which gemcitabine was added at 900 mg/m2 
on days 1 and 8. There were 3 CRs and 23 PRs among these 36 patients, for an 
overall response rate of 72%. Of the 14 patients who demonstrated progression to 
single-agent docetaxel, 9 responded to the combination, as did 17 of the  22 patients 
with SD. The gemcitabine/docetaxel doublet provided additional benefit over single-
agent docetaxel, although no toxicity data were available. The remarkable responses 
evident in the gemcitabine/docetaxel doublet, despite previous taxane exposure, 
imply that noteworthy synergism exists between these 2 agents. Collectively, these 
studies demonstrate that the gemcitabine/taxane doublet may serve as a potent 
regimen, particularly following anthracycline and/or taxane pretreatment. Irrespective 
of the schedule used, response rates for the gemcitabine/taxane doublet have 
ranged from 36% to 79%, depending on the pretreatment characteristics of the 
patients. As a final point, although preclinical data are inconclusive with regards to 
the synergism evident between taxanes and gemcitabine, they clearly support the 
use of this combination, serving as an impetus to further evaluate this doublet in 
future phase III trials.(55) 
 

Table 5 Phase II Studies of Gemcitabine and Taxanes in Patients 
with Pretreated Metastatic Breast Cancer 
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As first-line treatment in patients with MBC, the gemcitabine/taxane doublet has 
generally reported high response rates (Table 6).(64-66) With paclitaxel at 175 
mg/m2 and gemcitabine 1200 mg/m 2 on a days 1 and 8, Genot et al reported 
outcomes for 40 patients.(65) Two CRs and 13 PRs for an overall response rate of 
42% was noted with 76 events of grade 3/4 granulocytopenia. Median TTP was 
nearly 8 months. Employing the identical regimen, Delfino et al reported a 14% CR 
rate with an overall response rate of 55%.(64) Only 14% of patients demonstrated 
grade 3/4 leukopenia. Regardless of the pretreatment characteristics of patients, the 
paclitaxel/gemcitabine combination resulted in manageable myelosuppression. A 
first-line treatment of docetaxel 35 mg/m2 given on days 1, 8, and 15 in combination 
with gemcitabine is underway.(66) Preliminary results for 8 of a goal of 50 patients 
demonstrate an impressively high response rate of 75%, a figure reminiscent of the 
79% response rate noted for standard day 1 full dose docetaxel in the trial by 
Laufman and colleagues. Although less hematologic toxicity is expected than was 
noted in that trial, no toxicity data were available at the time of this preliminary report. 
 

Table 6 Phase II Studies of Gemcitabine and Taxanes in Patients 
Metastatic Breast Cancer as First Line Treatment 

 
 
An alternative option, which is followed frequently in the palliative setting, is the 
gemcitabine-taxane combination in a biweekly schedule (Table 7),(67-71) which is, 
however, not suitable for this study. Since in the SUCCESS-Study, the question, 
whether the addition of gemcitabine to docetaxel leads to an optimized taxane 
efficacy in the adjuvant settings, needs to be addressed in a clear concept, 
differences in the scheduling between the control and the study arm will not be 
allowed. 
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Table 7 Phase II Studies of Gemcitabine and Taxanes in Patients 
Metastatic Breast Cancer as Biweekly Treatment 

 
 
Because of numerous phase II trials demonstrating efficacy of gemcitabine/taxane 
combinations as either a first- or second-line treatment of MBC, a phase III 
randomized trial was undertaken to evaluate the specific question of added benefit of 
gemcitabine to paclitaxel, an agent approved for monotherapy as first-line treatment 
of MBC. 
 An interim analysis of this large, global phase III study, presented at the ASCO 2003 
Annual Meeting, demonstrated that first-line treatment with gemcitabine/paclitaxel is 
more efficacious than paclitaxel alone (Figure 11).(72) This study compared 
Gemcitabine and Paclitaxel with T in 529 pts with MBC previously treated with an 
anthracycline, but no prior chemotherapy for MBC. Objectives were overall survival 
(OS), progression-free survival (PFS), overall response rate (ORR), QoL, palliation of 
pain, toxicity, and time to progressive disease (TTP; primary interim analysis 
objective). Patients with histologically confirmed, measurable metastatic breast 
cancer with prior adjuvant/neoadjuvant anthracyclines (or non-anthracyclines if 
clinically contraindicated) and Karnosfyk Prognostic Score ³?70 were randomized to 
Gemcitabine and Paclitaxel (G 1250 mg/m2 d1,8; T 175 mg/m2 d1) or Paclitaxel (175 
mg/m2 d1) q21d until progressive disease. Between 8/99 and 4/02, 529 pts were 
randomized (267 Gemcitabine and Paclitaxel and 262 Paclitaxel) at 98 sites. Median 
age was 53 yrs. Arms were balanced; >70% had visceral metastases, 75% had >2 
sites of metastatic disease, one-third had receptor-positive disease, and 96% had 
prior anthracyclines. Median cycles given were 6 for Gemcitabine and Paclitaxel and 
5 for Paclitaxel. Median TTP was 5.4 mos (95% CI, 4.6-6.1 mos) for Gemcitabine 
and Paclitaxel and 3.5 mos (95% CI, 2.9-4.0 mos) for Paclitaxel (p=0.0013). The 
Hazard ratio was 0.734 (95% CI, 0.607-0.889; p=0.0015) with an increased 
probability of ~50% for Gemcitabine and Paclitaxel of being progression-free at 6 
mos. PFS was significantly better with Gemcitabine and Paclitaxel (p=0.0021). ORR 
was 39.3% (95% CI, 33.5%-45.2%) for Gemcitabine and Paclitaxel and 25.6% (95% 
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CI, 20.3%-30.9%) for Paclitaxel (p=0.0007). Gemcitabine and Paclitaxel had 
numerical improvement in analgesic level, pain relief, and global QoL (p=NS). CTC 
grade 4 hematologic toxicity was more pronounced with Gemcitabine and Paclitaxel 
vs Paclitaxel (17.2% vs 6.6% neutropenia, 1.1% vs 0.4% anemia, 0.4% vs 0% 
thrombocytopenia, 0.4% vs 0% F/N). Non-hematologic toxicity was manageable in 
both arms. There was 1 toxic death per arm. Conclusions: Gemcitabine and 
Paclitaxel demonstrated significant efficacy advantages over Paclitaxel in pts with 
MBC. Toxicity was manageable and expected.(72)  
 

Figure 11 Registation Study for Gemcitabine: Randomized studie of 
Gemcitabine and Paclitaxel in Patients Metastatic Breast Cancer 

 
 
At the ASCO 2005 Annual Meeting in Orlando, USA, Chan et al. reported the results 
of a prsopectiven phase III study comparing  Gemcitabine-Docetaxel with 
Capecitabine-Docetaxel as first- or second-line treatment in metastatic breast cancer 
patients pretreated with an anthracycline. Primary objective was progression-free 
survival (PFS); secondary objectives were overall response rate (ORR), time to 
treatment failure (TtTF), overall survival (OS), toxicity, and quality of life (QOL). 305 
patients with histologically confirmed metastic breast cancer who relapsed after an 
anthracycline-based regimen either in neoadjuvant or first-line metastatic disease 
were randomized to Gemcitabine-Docetaxel (G 1000 mg/m2 d1,8; D 75 mg/m2 d1) or 
Capecitabine-Docetaxel (C 2500 mg/m2 d1-14; D 75 mg/m2 d1) q21 days; 
neoadjuvant pretreatment with taxanes was allowed if completed >6 months before 
entry.   
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Figure 12 Study Design of a European phase III study GD vs. CD 

 
 
17% of the patients received prior taxane; 34% received prior chemotherapy for 
metastatic disease. At time of analysis, 287 pts were evaluable for safety and 229 for 
response. On Gemcitabine-Docetaxel arm, pts received 754 cycles; 642 cycles were 
given on Capecitabine-Docetaxel arm. ORR was 27% (95% CI, 18.4%-34.7%) for 
Gemcitabine-Docetaxel, and 31% (95% CI, 22.6%-39.5%) for Capecitabine-
Docetaxel (p=.4537).  
 

Figure 13 Kaplan Meier analysis for time to treatment failure 

 
 
CTC grade 3/4 hematologic toxicity was similar in both arms, but febrile neutropenia 
was higher in Capecitabine-Docetaxel arm (12% vs 7%).  
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Figure 14 Hematologic Toxicity depending on treatment 
combination 

 
 
Nonhematologic toxicity was low in both arms, but diarrhea (17% vs 7%), mucositis 
(16% vs 4%), and hand-foot syndrome (24% vs 0%) were more pronounced in 
Capecitabine-Docetaxel arm. More serious adverse events occurred in Capecitabine-
Docetaxel arm (36% vs 28%), causing discontinuation in 27% (Capecitabine-
Docetaxel arm) and 14% (Gemcitabine-Docetaxel arm) of pts. There were 2 toxic 
deaths, both in Capecitabine-Docetaxel arm.  
 

Figure 15 Non-Hematologic Toxicity depending on treatment 
combination 

 
 
The authors concluded that Gemcitabine-Docetaxel demonstrated similar efficacy to 
Capecitabine-Docetaxel in pts with MBC. Nonhematologic toxicity was higher in the 
Capecitabine-Docetaxel arm. 
The available data on the combination of gemcitabine and taxanes justify the use of 
this combination as experimental treatment in this study for the following reasons: 

• Gemcitabine is highly effective in breast cancer 
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• Gemcitabine and docetaxel might develop synergistic efficacy 

• Toxicity profiles of the two substances combine favorably 
 

2.5 Endocrine Therapy 

Updated results have demonstrated a remarkable risk/benefit ratio for endocrine 
therapeutic agents in general. It is therefore essential that patients with high risk for 
recurrence (i.e. all patients recruited into this study) should receive optimal endocrine 
therapy in case of positive hormone receptor status (≥ 10 % positively stained cells 
for estrogen and/or progesterone) of the primary tumor. 
Tamoxifen, a first generation selective estrogen receptor modulator, has been 
studied most extensively. The cellular actions of tamoxifen are not completely 
understood, but it appears that the drug's antiproliferative effects are mediated 
primarily by inhibition of the activities of estrogen through binding to estrogen 
receptors. Disease-free and overall survival rates have been increased in 
postmenopausal women with ER-positive tumors when tamoxifen has been used as 
adjuvant therapy (irrespective of nodal status). In premenopausal women, adjuvant 
therapy with tamoxifen has been associated with prolongation of disease-free 
survival, while its impact on survival is strongly assumed.(73) However, it has also 
conclusively been shown that the benefit of tamoxifen does not accrue to those with 
estrogen receptor negative primary tumors. Other selective estrogen receptor 
modulators, such as raloxifen, have not been studied sufficiently to proof comparable 
efficacy as tamoxifen and therefore will not be used in this study. 
The development of third-generation aromatase agents led to a significant advance 
in the treatment of metastatic breast cancer.(74) Aromatase agents result in a total 
blockade of the peripheral aromatization of androgens in muscle, fat, skin and breast, 
required for estrogen synthesis. Therefore, estrogen levels in postmenopausal 
women are suppressed to approximately 1-10% of pretreatment levels. Whereas in 
metastatic breast cancer, aromatase agents are established as either first- or 
second-line therapy for postmenopausal women, only preliminary data for the 
adjuvant setting are available. In the ATAC trial, comparing five years of tamoxifen 
versus five years of anastrozole versus five years of both agents in combination, 
9366 postmenopausal with positive or unknown hormone receptor status were 
accrued. A recent update of the efficacy analysis after a median follow-up of 47 
months confirmed anastrozole to be superior to tamoxifen in all major efficacy 
endpoints. DFS estimates were 86.9 % and 84.5 % for anastrozole and tamoxifen, 
respectively. In the subgroup of hormone receptor positive patients, the benefit for 
anastrozole was even more apparent (89.0 % vs. 86.1 %). The combination arm 
showed no significant difference to tamoxifen alone.(75) In the final analysis, 
presented at the SABCS 2004 meeting, despite the robust benefit for disease free 
survival, no significant difference in overall survival for the anastrozole group could 
be demonstrated. After 68 months of follow-up the hazard ratio for overall survival 
was 0,97 (p=0.7).(76) 



 

                   SUCCESS-Trial, Version 1.2, 15.8.2005  Page 33 

Anschrift:   D-80337 München  •  Maistraße 11  •  Telefon (0 89) 51 60-4111 (Vermittlung)  

Figure 16 Disease Free Survival of the ATAC Trial(77) 

 
 
More promising results have been achieved with sequential endocrine treatments, 
switching from 2-3 years to Tamoxifen to an aromatase inhibitor. The first trial which 
examined this setting was the IES 031 trial, studying 4742 postmenopausal patients 
which were randomised after 2-3 years tamoxifen to continue tamoxifen or switch to 
exemestane to complete a total of 5 years adjuvant endocrine therapy. The primary 
end point was disease free survival.(78) After a median follow-up of 30.6 months, 
449 first events (local or metastatic recurrence, contralateral breast cancer, or death) 
were reported--183 in the exemestane group and 266 in the tamoxifen group. The 
unadjusted hazard ratio in the exemestane group as compared with the tamoxifen 
group was 0.68 (95 percent confidence interval, 0.56 to 0.82; P<0.001 by the log-
rank test), representing a 32 percent reduction in risk and corresponding to an 
absolute benefit in terms of disease-free survival of 4.7 percent (95 percent 
confidence interval, 2.6 to 6.8) at three years after randomization.  

Figure 17 Disease Free Survival of the IES 031 Trial(78) 
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The overall survival was not significantly different in the two groups, with 93 deaths 
occurring in the exemestane group and 106 in the tamoxifen group. However, in an 
Up-Date of this study, presented at the SABCS 2004 meeting, the hazard ratio for 
overall survival was 0.85 OS, which almost reached statistical significance 
(p=0.08).(79) 
In another trial, presented at the SABCS 2004, the sequential endocrine treatment, 
consisting of 2 years of Tamoxifen, followed by 3 years of Anastrozol, was analyzed. 
The ARNO 95 and ABCSG 8 trials were being conducted to assess whether 
switching to anastrozole after two years of tamoxifen treatment is more effective than 
continuing tamoxifen treatment for the remaining three years of adjuvant therapy. 
The trials were similar in design and broadly similar with regard to inclusion criteria. 
The results of a prospectively planned event-driven combined analysis of these trials 
were presented at the SABCS 2004. The primary endpoint was recurrence-free 
survival (DFS).(80) 

Figure 18 ABCSG 8 – ARNO 95 Study Design(80) 

 
Of the 3,123 patients included in the trials (2,176 in ABCSG 8 and 947 in ARNO 95), 
1,563 were randomized to switch to anastrozole, with 1,560 continuing to receive 
tamoxifen. Mean age was 63 years (range 41-80), 27% of patients were node-
positive, 100% were hormone receptor-positive (estrogen receptor-positive, 
progesterone receptor-positive, or both) and no patients received chemotherapy. 
After a median follow-up of 26 months, 143 events (local or metastatic recurrence, or 
contralateral breast cancer) have been reported. The hazard ratio for RFS with 
anastrozole versus tamoxifen was 0.59 (95% CI= 0.42-0.82; p<0.0009).(80) Based 
on this evidence, anastrozole has received an restricted approval for the hormone 
receptor positive, postmenopausal patients in the European Community, and 
therefore maybe prescribed without further restrictions. 
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Figure 19 Disease Free Survival of the ABCSG 8 – ARNO 95 
Trial(80) 

 
 
For receptor-positive, premenopausal women ovarian ablation by surgical means (i.e. 
laparoscopic oophorectomy) or by pelvic irradiation as one-time treatment offers a 
reduction in the annual odds of death of 24 %,(25) which is comparable to the results 
of multi-agent chemotherapy.(81) However, there are concerns about its permanence 
leading to indefinite loss of childbearing, and the potential of long-lasting adverse 
effects on heart and bone. For this reason, goserelin has been tested extensively as 
a component of adjuvant therapy for breast cancer.(82;83) Goserelin is a 
gonadotropin-releasing hormone (GnRH) agonist. Continuous pituitary stimulation by 
GnRH, normally under pulsatile control, leads to an eventual downregulation of LH 
and FSH secretion with subsequent diminution of androgen levels. Even though 
there are no definite results available to answer the question, whether the addition of 
gosererelin to chemotherapy and tamoxifen provides adequate benefit, an update of 
the results by Davidson et al. suggests that the effects of adjuvant tamoxifen may be 
greater among women who have had cessation of ovarian function as a result of 
either chemotherapy alone or chemotherapy plus goserelin.(84) In this study, 
enrolling 1,537 patients, premenopausal patients were randomized to six cycles of 
FAC-chemotherapy, FAC + goserelin and FAC + goserelin and tamoxifen. The 
overall survival rate for the three groups was 77 %, 78 % and 80 %, respectively. In 
an update, presented at the 2003 ASCO Annual Meeting, exploratory retrospective 
subset analysis showed a trend towards a benefit with the addition of goserelin after 
FAC for women <40 yr, women with premenopausal estradiol level after FAC, or 
those not amenorrheic after FAC.(3)  
The following table shows the 9 yr survival data in respect to treatment combination 
and menopausal status: 
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In the Zoladex Early Breast Cancer Research Association Trial (ZEBRA) there was 
no significant difference in outcome after the first 2.5 years of follow-up among 
goserelin treated patients who continued to be amenorrheic and those whose 
menses returned.(85) This raises the possibility that a period of transient amenorrhea 
is sufficient to improve the survival of premenopausal women with hormone receptor 
positive tumors.(86)  
Based on the evidence summarized above, in this study, postmenopausal patients 
with positive hormone receptor status of the primary tumor will receive tamoxifen 
treatment 20 mg p.o. per day for 2 years, after the end of chemotherapy, followed by 
anastrozole 1 mg p.o. per day for 3 years. In case of contraindications against 
tamoxifen or severe adverse effect during the treatment with tamoxifen, anastrozole 
will be given before the end of the initial 2 years. In addition to tamoxifen, all patients 
with positive hormone receptor status of the primary tumor and under the age of 40 
or restart of menstrual bleeding within 6 months after the completion of cytostatic 
treatment or with premenopausal hormone levels as defined below will receive 
goserelin (Zoladex®) 3.6 mg subcutaneously every 4 weeks over a period of 2 
years.(2;3) Premenopausal endocrine status will be assumed, if the following serum 
levels are met: LH < 20 mIE/ml, FSH < 20 mIE/ml and E2 > 20 pg/ml. Therapy will 
start after the end of chemotherapy. Patients, who meet the above named criteria for 
premenopausal status will stay on Tamoxifen treatment for a total of 5 years and will 
not switch to anastrozole. 
 
 

2.6 Trastuzumab in the adjuvant treatment of breast cancer 

Growth factors and their receptors are known to play critical roles in cell 
development,  growth, and differentiation.(87) Many receptors possess intrinsic 
tyrosine kinase activity that is activated upon interaction of the receptor with its 
cognate ligand. The human epidermal growth factor receptor-2 (HER2) is coded by a 
proto-oncogene mapped to chromosome 17q21.(88) The HER2 gene has homology 
with the rodent gene neu, and is also referred to as HER2/neu or c-erbB-2. The 
HER2 gene encodes a 185 kD transmembrane glycoprotein (p185HER2) with 
tyrosine kinase activity. An overexpression of the HER2 receptor (about 10- to 100-
fold compared to normal cells) is observed in a number of primary tumors, 
suggesting that the overexpression of this growth factor receptor may contribute to 
transformation and tumorigenesis. In most cases, HER2 protein overexpression is 
thought to result from gene amplification.(89-92) Approximately 25% to 30% of 
patients with breast and ovarian cancers overexpress HER2.(93) Similar correlations 
may exist for other epithelial tumors (lung adenocarcinoma, gastric cancers etc.). 
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Several lines of evidence support a direct role for p185HER2 expression in the 
pathogenesis and poor clinical course of human tumors. First, mutation of the rat neu 
proto-oncogene is associated with the induction of neuroblastomas.(94;95) Second, 
when the gene is transfected into mouse fibroblast cells (NIH-3T3) it causes 
transformation, and the resulting cells are tumorigenic in the nude mouse.(96;97) 
Studies using a non-mutated, human HER2 gene have demonstrated that NIH-3T3 
cell transformation efficiency, as well as tumorigenicity in the nude mouse, are 
directly related to the level of HER2 gene expression.(98) 
Additionally, studies utilizing the mutated rat neu gene to develop transgenic mice 
have revealed that animals expressing high levels of the mutated neu transgene (99) 
as well as normal neu (100) develop breast cancer. Finally, specific antibodies to the 
extracellular domain of the membrane-based protein encoded by the neu gene or the 
human HER2 gene inhibit the growth of tumors that overexpress the gene.(101-103) 
These data are consistent with a direct role for the HER2 proto-oncogene in both 
malignant transformation and enhanced tumor genicity, and indicate a potential 
target for cancer therapy. 
The role of HER2/neu overexpression as independent prognostic factor by means of 
time to disease relapse and overall survival in women with breast cancer was 
described for the first time by SLAMON et al.in 1987. In the meantime, the prognostic 
importance of HER2/neu overexpression has been confirmed in several 
analyses.(104-106) However, the independence of this factor may be varying in 
different groups and stages of the disease, and currently remains a point of 
discussion.(107) The same holds for the predictive value of HER2 overexpression, 
i.e. its influence on the probability of therapy success.(107-116) 
To improve the course of patients with HER2 overexpressing breast cancer by 
antagonizing the abnormal function of overexpressed HER2, murine monoclonal 
antibodies (muMAbs) were produced against the extracellular domain of the HER2 
receptor to inhibit the proliferation of human tumor cells overexpressing p185HER2. 
The most encouraging results were obtained with muMAb 4D5, which produced 
significant antiproliferative effects in vitro against human breast cell lines that 
overexpress the HER2 receptor.(117) MuMAb 4D5 has no effect on cell lines that do 
not overexpress the receptor.(118)  
Preclinical in vivo studies with muMAb 4D5 were conducted using both human breast 
and ovarian cancer heterotransplants from surgical excised human tumor specimens. 
The tumors were characterized to determine which had amplification/overexpression 
of the HER2 gene/protein. Results of these studies again established a clear 
antiproliferative effect against those human tumors characterized by overexpression 
of the HER2 receptor. No effect was seen on tumor xenografts that did not 
overexpress the receptor.  
The clinical use of therapeutic murine monoclonal antibodies is usually limited 
because they are immunogenic and the development of neutralising human anti-
murine antibodies often precludes repeated administration in patients. To avoid this 
probable limitation with muMAb 4D5 during clinical use, a humanised chimeric 
monoclonal antibody containing the hypervariable antigen-binding portions of muMAb 
4D5 and a human immunoglobulin variable region framework was constructed.(119) 
The resulting recombinant humanised anti-HER2 monoclonal antibody was 
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trastuzumab (rhuMAbHER2), which is 95% human and 5% murine.(119) 
Data from four open-label single agent clinical trials (335 patients) and one 
randomized, controlled clinical trial in combination with chemotherapy support the 
use of trastuzumab in patients with metastatic breast cancer who have tumors that 
overexpress HER2. 
Trastuzumab was studied as a single agent in four multicenter, open-label, 
single-arm clinical trials. The largest study recruited 222 patients with HER2 
overexpressing metastatic breast cancer who had relapsed following one or two prior 
chemotherapy regimens for metastatic disease.(120) Patients were treated with 
2 mg/kg trastuzumab IV weekly. Patients had extensive prior therapy: 68% had prior 
adjuvant chemotherapy, 32% had one and 68% had two previous chemotherapy 
regimens for metastatic disease, and 26% had prior myeloablative treatment with 
hematopoietic rescue. The overall response rate (CR + PR) in the patients treated 
with trastuzumab, as determined by an independent Response Evaluation 
Committee (REC), was 16%, with a 4% complete response and a 12% partial 
response rate. 
The median duration of response as determined by the REC was 9.1 months (range 
1.6 to >26 months). Among all treated patients, the median time to disease 
progression was 3.1 months (range 0 to >28 months). The median survival for all 
enrolled patients was 13 months (range 0.5 to >30 months). At 5.8 months, 24% of 
treated patients were free of progression. Quality of life in terms of ‘global quality of 
live’ and ‘social function’, meassured by the EORTC QLQ-C30, was significantly 
improved during treatment; no change was seen in physical or role function and in 
fatigue.(121) 
A further study evaluated the effect of trastuzumab as a single agent in 113 patients 
with HER2 overexpressing metastatic breast cancer with no prior chemotherapy for 
metastatic disease. Patients were treated with 2 mg/kg trastuzumab IV weekly or 
4 mg/kg IV weekly until progression. The overall response rate (CR + PR) was 24% 
for patients treated with 2 mg/kg and 22% for patients treated with 4 mg/ kg.(122) 
The most comprehensive data originate from a prospective randomized trial 
performed on 469 patients. Patients were randomly assigned to receive standard 
chemotherapy (anthracycline and cylophosphamide or paclitaxel in case 
anthracycline-pretreatment) or standard chemotherapy plus trastuzumab.(123) The 
addition of trastuzumab to chemotherapy was associated with a longer time to 
disease progression (p<0.001), a higher rate of objective response(p<0.001), a lower 
rate of death at one year (p=0.008) longer survival (p=0.046), and a 20 percent 
reduction in the risk of death. The most important adverse event in this study was 
cardiac dysfunction, which occurred in 27 percent of the group given anthracycline, 
cyclophosphamide and trastuzumab; 8 percent of the group given an anthracycline 
and cyclophosphamide alone and 13 percent of the group with paclitaxel and 
trastuzumab. 
At the recent 24th San Antonio Breast Cancer Symposium Dec. 2001, the latest 
update on several clinical studies with trastuzumab was presented.  
In the randomized trial on 469 patients, the addition of Herceptin to chemotherapy 
improved the RR in the FISH-positive subgroup (54.0% vs 30.8%; P<0.0001), but no 
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such improvement was seen in the FISH-negative subgroup (38.0% vs 37.5%; 
P=NS).(124) The addition of Herceptin to chemotherapy in the FISH-positive group 
also provided a significant survival benefit (OR, 0.71; 95% CI, 0.54, 0.92; P=0.009) 
that was not detected in the FISH-negative group (OR, 1.11; 95% CI, 0.70, 1.80; 
P=NS). The group of HER2-positive patients in this study >60 years of age appeared 
to have a worse overall outcome compared with the group ≤60 years of age, possibly 
related to adverse baseline characteristics.(125) However, in the group >60 years of 
age, the survival benefit seen with the addition of Herceptin to chemotherapy was 
significant (odds ratio, 0.64; 95% CI, 0.41-0.99). These data suggest that older (age 
>60 years) patients with metastatic breast cancer should be considered for first-line 
use of Herceptin plus chemotherapy. 
At the ASCO 2005 Annual Meeting in Orlando, USA, the first prospective data on the 
efficacy of trastuzumab in the adjuvant treatment of breast cancer were presented. In 
summary, the data strongly suggest a significant and clinically most relevant benefit 
in terms of disease free and overall survival, if patients with HER2-positive breast 
cancer are treated with trastuzumab for one year following chemotherapy. 
In the combined analysis of the NSABP-B31/NCCTG-N9831 studies (Doxorubicin 
and Cyclophosphamide Followed by Paclitaxel with or without Trastuzumab as 
Adjuvant Therapy for Patients with HER-2 Positive Operable Breast Cancer by 
Romond EH et al.), more than 3.300 patients were randomized between a sequential 
AC-Paclitaxel chemotherapy, followed or not by one treatment of trastuzumab. In 
summary, the results showed that for node positive HER-2 positive breast cancer, 
trastuzumab given concurrently with paclitaxel following AC chemotherapy, reduces 
the risk of a first breast cancer event at 3 years by 52%. The relative risk reduction 
benefit was present and of similar magnitude in all subsets of patients analyzed. The 
addition of trastuzumab reduced the probability of distant recurrence by 53% at 3 
years, and the hazard of developing distant metastases appears, thus far, to 
decrease over time.  

Figure 20 Disease free survival of NSABP B-31 and N9831 
separately 
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Figure 21 Kaplan Meier analysis of combined analysis for DDFS 

 
 
The results at a median follow-up of 2 years also showed a statistically significant 
survival advantage with a relative risk reduction of 33%. However, the combination of 
trastuzumab and chemotherapy has a significant risk of cardiac toxicity. The authors 
conclude that careful monitoring of cardiac function is of vital importance if 
trastuzumab is to be used in the adjuvant setting. 
 

Figure 22 Kaplan Meier analysis of combined analysis for OS 

 
 
The results were in essence confirmed by the HERA-Study, which was presented by 
M. Piccart-Gebhardt. The HERA-Study was a randomized three-arm multi-centre 
comparison of 1 year trastuzumab, 2 years trastuzumab or no trastuzumab in women 
with HER-2 positive primary breast cancer who have completed adjuvant 
chemotherapy. At one year median follow-up, trastuzumab given every 3 weeks for 
one year following adjuvant chemotherapy, significantly prolonged disease free 
survival and recurrence free survival for women with HER-2 positive early breast 
cancer. Trastuzumab also significantly reduced the risk of distant metastases. These 
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benefits were independent of patients’ baseline characteristics (nodal status, 
hormone receptor status, ...) and of type of adjuvant chemotherapy received.  
 

Figure 23 Kaplan Meier analysis of the HERA Study for DFS 

 
 
Overall survival was not significant between the study groups at the time of 
interimanalysis. Trastuzumab therapy was associated with a low incidence of severe 
symptomatic congestive heart failure. 
 

Figure 24 Kaplan Meier analysis of the HERA Study for DDFS and 
OS 

 
 
Based on these data, the application of trastuzumab for one year, following the 
cytostatic treatment will be permitted in this study for all patients with HER2-positive 
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breast cancer, as defined by the following tests: 

• Immunhistochemistry +++ 

• FISH (fluorescence in situ hybridization) positive 
 
All safety messeaures have to be undertaken, which are recommended for 
trastuzumab, as outlined by the German AGO Breast Cancer guidelines (www.ago-
online.org). 
 
 

2.7 Bisphosphonates in the adjuvant treatment of breast cancer 

While the role of bisphosphonates is well established as effective treatment of bone 
metastases in breast cancer, its role in the adjuvant setting is still under debate. In 
summary, the administration of bishosphonates may have two beneficial effects: 

• Prevention of adverse effects of long term cancer treatment on bone health 

• Reduction of the risk for relapse by its potential anti-tumor potency. 
Bone is the most frequent site of distant relapse, accounting for around 40% of all 
first recurrences.(126) In addition to the well-recognised release of bone cell 
activating factors from the tumor, it is now appreciated that release of bone-derived 
growth factors and cytokines from bone under resorption can both attract cancer cells 
to the bone surface and facilitate their growth and proliferation.(127) Inhibition of 
bone resorption could therefore have an effect on the development and progression 
of metastatic bone disease, and is an adjuvant therapeutic strategy of potential 
importance. In the adjuvant setting, antitumoral activity of bisphosphonates through 
apoptosis mechanisms, anti-angiongensis and inhibition of intracellular signal-
transduction might increase the risk for relapse. 
Encouraging animal studies with a variety of animal tumor models and a range of 
bisphosphonates have shown inhibition of bone metastasis development and a 
reduction in tumor burden within bone.(127;128) More recently, several clinical trials 
have been reported using the relatively low potency oral bisphosphonate, clodronate. 
In the largest study, 1079 women with primary operable breast cancer were 
randomised to either clodronate 1600mg daily or placebo for two years, in addition to 
standard adjuvant systemic treatment. Recent data presented with a median follow-
up time of five years revealed a non-significant reduction in the frequency of bone 
metastases in the clodronate-treated patients (63 (12%) v 80 (15%) patients, 
p=0.127).(129) During the two years on active treatment there was a reduction in 
bone metastases but this disappeared on discontinuation of the study drug, 
suggesting that adjuvant bisphosphonate treatment trials in the future should test a 
longer duration of treatment. There was no effect on non-bone recurrence (112 
(21%) v 128 (24%) patients, p=0.26) but, despite little effect on the primary endpoint 
(bone recurrence), patients randomised to the clodronate arm had a better survival 
(p=0.047).  
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Figure 25 Bone Metasis-Free Survival of the Royal Marsden 
Study(129) 

 
 

Figure 26 Nonskeletal Metasis-Free Survival of the Royal Marsden 
Study(129) 

 
 
In a second study, Diel et al studied 302 breast cancer patients randomly allocated to 
either oral clodronate 1600mg daily (n=157) for three years or a control group 
(n=145). These women had no overt evidence of metastatic disease, but were 
selected for the trial on the basis of immunocytochemical detection of tumor cells in 
the bone marrow, a known risk factor for the subsequent development of distant 
metastases.(130) Patients received appropriate adjuvant chemotherapy and 
endocrine treatment. There were no discernable prognostic or treatment imbalances 
between the two groups, and the follow-up schedules were similar. The median 
observation period was 36 months.  The incidence of osseous metastases was 
significantly lower in the clodronate group (11 (7%) versus 25 (17%) patients, p < 
0.002). There was also an unexpected large reduction in the incidence of visceral 
metastases in the clodronate group (19 (13%) versus 42 (29%) patients, p < 0.001).  
Subsequently these results have been updated(131) and show similar results, 
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although the striking effect on extra-skeletal visceral relapse seen in the earlier report 
is less, and no longer statistically significant. 
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Figure 27 Metastasis-Free and Overall Survival of the Heidelberg 
Study(130) 

 
 
The exciting findings of the Diel study must, however, be viewed in the light of a 
further trial which produced conflicting results. Saarto et al(132) randomised 299 
women with primary node-positive breast cancer to oral clodronate 1600mg daily 
(n=149) or a control group (n=150). The median follow-up was five years. Treatment 
with clodronate in this study did not lead to a reduction in the development of bone 
metastases (29 (19%) v 24 (16%) patients, p=0.27 for the clodronate and control 
groups, respectively). Additionally the development of non-skeletal recurrence was 
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significantly higher in the clodronate group (60 (40%) versus 36 (24%) patients, p = 
.0007) and, most importantly, the overall five-year survival was significantly lower in 
the clodronate group (70% versus 83%, p = 0.009). In a 10 year follow-up, which was 
recently presented, these results were basically confirmed. Within 10 years bone 
metastases were detected at the same frequency in the clodronate and control 
groups: 44 (32%) vs. 42 (29%), respectively, (p=0.35). The frequency of non-skeletal 
recurrences (visceral and local) was significantly higher in the clodronate group 69 
(50%) as compared with the controls 51 (36%) (p=0.005). Ten-year disease-free 
survival (DFS) remained significantly lower in the clodronate group (45% vs. 58%, 
p=0.01, respectively). This was especially seen in oestrogen receptor negative 
patients (25% vs. 58%, p=0.004, respectively). No significant overall survival 
difference was found between the groups. As previously reported 3-year adjuvant 
clodronate treatment did not prevent the development of bone metastases in node-
positive breast cancer patients.(133) It is possible that there were some prognostic 
imbalances favouring the control group, but the safest assumption is to consider that 
the Diel and Saarto studies cancel each other out and probably reflect the usual 
heterogeneity of results seen in relatively small adjuvant studies. 
 

Figure 28 Skeletal and Nonskeletal Metasis-Free Survival of the 
Finnish Study(132) 

 
 
Identifying a definite adjuvant role for bisphosphonates will require further large 
randomised studies. The National Surgical Adjuvant Breast Project (NSABP) have 
recently started a 3000+ patient placebo-controlled trial of oral clodronate in an 
attempt to resolve the value or otherwise of adjuvant clodronate, while this study will 
complement the results of the NSABP and the German GAIN-Study in terms of 
duration of bisphosphonate treatment. 
Zoledronic acid is a new bisphosphonate developed for use in treating bone 
complications associated with a variety of primary cancers. A consistent positive 
effect across several skeletal-related endpoints was demonstrated for zoledronic 
acid. The reduction of skeletal morbidity was independent of tumor type and 
radiographic appearance of the metastases.(134-136) Zoledronic acid was also 
superior to pamidronate, the previous standard of care, in breast cancer patients with 
bone metastases. Among patients who had breast carcinoma with at least 1 
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osteolytic lesion (n = 528 patients), the proportion with an SRE was lower in the 4-mg 
Zoledronate group compared with the Pamidronate group (48% vs. 58%), but this did 
not reach statistical significance (P = 0.058). The time to first SRE was significantly 
longer in the 4-mg Zoledronate group (median, 310 vs. 174 days; P = 0.013). 
Moreover, multiple-event analysis demonstrated significant further reductions in the 
risk of developing SREs (30% in the osteolytic subset [P = 0.010] and 20% for all 
patients with breast cancer [P = 0.037]).(137) 
It is hoped that the added potency of zoledronic acid may have beneficial effects, not 
only through the inhibition of bone resorption and reduction in growth factors and 
cytokines in the bone marrow microenvironment that appear to promote the 
development of a metastasis, but also through direct effects on tumor cells in the 
bone marrow. There is increasing evidence from a range of cell line experiments that 
zoledronic acid can inhibit tumor cell adhesion and invasion,(138) and promote 
apoptosis.(139) These effects are mediated through the mevalonate pathway using 
the same molecular pathway that aminobisphosphonates exploit to inhibit osteoclast 
function. In addition there are experimental data from animal models that indicate 
that zoledronic acid can suppress angiogenesis. 
The other important issue in favour of the treatment with bisphosphonates in the 
adjvuant setting of breast cancer is the preservation of bone health. There are now 
increasing numbers of long-term survivors from breast cancer who have received 
combination chemotherapy, radiotherapy and hormonal cancer treatment. Many of 
these individuals are at increased risk of osteoporosis, largely because of the 
endocrine changes induced by treatment. There may also be clinically relevant, direct 
effects of cytotoxic drugs on bone. This is a particularly important long-term problem 
in women with breast cancer for whom there are concerns about the safety of 
hormone replacement therapy.  
Osteoporosis is frequent in breast cancer patients.  The occurrence of vertebral 
collapse with fracture is a common clinical marker of osteoporosis, and in one 
study(140) the annual incidence of vertebral fracture was nearly five times higher 
among women with breast cancer in the years after diagnosis, compared with 
controls. Of note, 79% of the women in this study received tamoxifen, and most 
received chemotherapy as well.  Women with soft tissue relapse of their breast 
cancer, but without known skeletal metastases, had an even higher annual incidence 
of vertebral fracture. As the prevalence of breast cancer increases and women 
survive longer after treatment for breast cancer, osteoporosis is likely to become an 
even more important clinical problem. Bisphosphonates are the treatment of choice 
to prevent bone loss in breast cancer patients and adjuvant bisphosphonate 
treatment would be expected to improve skeletal health, and reduce the incidence 
and subsequent complications of osteoporosis. 
In a recent report at the SABCS 2004 Meeting, Zoledronic Acid (4mg q6mo) can 
effectively counteract cancer treatment induced bone loss. The interim results of the 
ABCSG-12 trial were reported, which is a 4-arm trial comparing goserelin 
(3.6mg/q28days sc)/tamoxifen (20mg/d po) with goserelin/anastrozole (1mg/d po) 
with the two treatments plus zoledronic acid (4mg/q6m), respectively, for a total 
treatment duration of three years.(140;141) At the time of the analysis, 982 bone 
mineral density measurements were available from 382 patients (median age: 44.1 
years (range 25-56)). In terms of patient and tumor characteristics, there was no 
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difference between the 192 patients treated with Zoledronic acid and the 190 not 
receiving the bisphosphonate. Combination endocrine treatment without Zoledronic 
acid frequently led to significant bone loss after 1 and 2 years of treatment (overall: 
minus 12% after 24 months, relative T-Score: -1.2). Bone loss was significantly more 
severe in patients receiving anastrozole/goserelin (mean -16%, relative T-Score: -
1.6) as compared to patients receiving tamoxifen/goserelin (mean -8%, relative T-
Score: -1.0). In both groups treated with zoledronic acid, bone mineral density 
remained stable, and no cancer treatment induced bone loss was noted (p<0.0001). 
There was no significant interaction of the observed effect with age or other risk 
factors. 
In this study, the comparison between 2 years and 5 years of zoledronate treatment 
will be able to aim at two questions: 

• The antitumoral effect of different durations of zoledronate treatment as 
defined by the primary and secondary endpoints of this study 

• The osteoprotective efficacy of zoledroante as defined by the effect of 
zoledronate on skeletal events under the treatment with anastrozole. 

 

Figure 29 Development of Bone Mineral Density in Patients with and 
without Zoledronic Acid in the ABCSG-12 Trial 
 

 
 

2.8 Radiotherapy 

Halsted’s demand for radical mastectomy as treatment of choice for breast cancer 
dates back to the 1880’s and was based on the understanding of breast cancer as a 
locoregional disease. This view was questioned by a series of studies between 1950 
and 1970.(9) These studies established the advantages of limited local therapy and 
finally led the way to breast conserving surgery.(142) 
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Adjuvant radiotherapy is undoubtedly an integral part of the concept of breast 
conserving surgery. Several randomized trials comparing conservative surgery alone 
with conservative surgery plus radiotherapy have demonstrated an average reduction 
in the risk of disease recurrence in the breast of 84% with the use of radiotherapy. At 
present, a group of patients who do not require radiotherapy has not been 
reproducibly identified, and radiotherapy should remain a part of breast-conserving 
therapy for invasive carcinoma.(143;144) 
Until the late 1970’s, post mastectomy radiotherapy was routinely administered. In 
the face of increased risk of local recurrence in patients who received no adjuvant 
radiotherapy, it was assumed that optimal tumor control could be achieved by routine 
postoperative radiotherapy. The expanding knowledge about early systemic 
dissemination of tumor cells and its predominant role in overall prognosis of the 
disease changed this policy in the early 1980’s.(145) It has now been widely 
accepted for many years that postoperative radiotherapy of the chest wall after 
mastectomy should be restricted to cases with advanced stages of disease and/or 
with extensive lymphangiosis carcinomatosa and positive margins of 
resection.(146;147) However, more recent studies have shown that the increased 
risk for local recurrence, which is associated with a more selective use of chest wall 
irradiation, might also lead to a reduced overall survival.(148) 
Beginning in the 1970’s, however, data were published showing that the increased 
incidence of local recurrence is not necessarily associated with a less favorable 
overall survival rate.(149;150) In 1986, the results of two large, international, 
randomized, controlled trials (Stockholm Study(151) and Oslo Study(152)) provided a 
more definite and detailed understanding that, while post mastectomy irradiation 
might improve overall survival in advanced disease (> pT2 tumors), it did not do so in 
early, locally limited breast cancer.(153) This was also confirmed in 1987 by Griem et 
al. in patients undergoing chemotherapy. In their study, 510 patients, with T1-T3 
tumors and positive nodes or tumors larger than 5 cm and negative nodes, were 
treated with mastectomy and chemotherapy. Patients were then randomized to 
receive either no further treatment or adjuvant radiotherapy. The rate of local 
recurrence in patients with chemotherapy alone was 14 % compared to 5 % in those 
who received both chemotherapy and radiotherapy. However, no significant 
difference was seen in the overall survival rate.(154;155)  
Adjuvant radiotherapy of the chest wall following mastectomy reduces the risk of 
local recurrence in breast cancer of all stages. While this decrease may have no 
impact on the overall survival rate in early breast cancer(156), there is an increasing 
consensus that patients with advanced disease benefit from adjuvant radiotherapy 
both in terms of local control and overall survival.(157) We therefore require all 
patients in our study with breast conserving therapy or more than 3 axillary lymph 
node metastases or in the following cases after mastectomy: 

• T3/T4-carcinoma 

• T2-carcinoma > 3 cm 

• multicentric tumor growth 

• lymphangiosis carcinomatosa or vessel involvement 

• involvement of the pectoralis fascia or a safety margin < 5 mm 
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• R1- or R2 resection.(4) 
. 
 

3 Adjunct Scientific Program of this Study 
In future, clinical studies should not only answer questions about the therapeutic 
efficacy of certain therapy regimes, but should also enhance the understanding of 
tumor biology. Clinical studies can serve as a perfect basis for tumorbiological 
analyses, because statistics and documentation in these studies are usually 
optimised. 
We designed an ambitious adjunct scientific program for the SUCCESS-Study, which 
includes some of the most promising novel prognostic and predictive parameters. All 
study centers will gather peripheral blood samples at defined points of treatment for 
further translational research. In the subsequent sections of this protocol, we explain 
the current state of research in these areas of science and define the logistic basis 
for the adjunct scientific program. 
 

3.1 Disseminated Tumor Cells in the Bone Marrow 
In solid tumors, most patients will not die from their primary tumor, but from distant 
metastases which may develop even years after treatment of the primary tumor. In 
breast cancer, for example, about one-third of axillary node-negative patients will 
develop local or distant metastases during the further course of their disease, even if 
there was no evidence of tumor spread beyond the breast at the time of primary 
diagnosis (158;159). Metastases are probably caused by occult hematogenous 
spreading of tumor cells early during the disease. Several studies support the 
hypothesis that isolated tumor cells (ITC), i.e. MRD, in bone marrow of cancer 
patients can be regarded as precursors of clinically manifest distant metastases 
(160-167). Thus, early detection of minimal residual disease (MRD) in bone marrow 
has the potential of more accurate risk stratification for subsequent therapy decisions 
or even tailoring additional conventional or targeted therapies in order to eradicate 
these cells before they become overt metastases.  
In general, new markers, such as MRD bone marrow, may serve as prognostic 
factors indicating the further course of the disease, or as predictive factors with 
regard to expected therapy response. Moreover, new markers themselves may serve 
as targets for new tumor-biological therapies. However, before new markers can be 
implemented in everyday patient management, they need to fulfill certain quality 
criteria regarding determination methodology and demonstrate clinical relevance 
(168): Next to a plausible biological rationale for using the particular marker, its 
determination method needs to be robust, standardized, and quality assured. Its 
clinical impact needs to be validated by independent clinical studies; and, finally, the 
marker must be clinically useful, i.e. it must be able to support clinical decision 
making independently of existing markers. According to Hayes and coworkers (169), 
new markers obtain the highest level of evidence (LOE I) by validation in a 
prospective clinical trial or a meta-analysis.  
The majority of the studies demonstrating a correlation between MRD and patient 
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prognosis have used immunocytochemical detection methods (161-165;170-188). 
Using this approach, the presence of extrinsic epithelial cells in the mesenchymal 
bone marrow compartment can be demonstrated (Figure 30). Normal, non-dysplastic 
epithelial cells are not capable of migrating outside their original host organ, except in 
chronic inflammation after epithelial-mesenchymal transition (189). Thus, the 
presence of extrinsic epithelial cells in bone marrow indicates the malignant nature of 
these cells (190;191). However, methodological differences in ITC detection using 
either immunocytochemistry or molecular pathology methods have led to 
controversial interpretations regarding the clinical relevance of the respective results 
(192). 
Several studies have shown that ITC detection using monoclonal antibodies is a 
clinically feasible method (162;165;182). However, caution needs to be exercised 
with regard to choice of markers and antibodies. Some antigens, such as epithelial 
membrane antigen (EMA) or mucin 1(MUC-1), are co-expressed by hematopoietic 
precursor cells such as erythroblasts. Current data suggest that antibodies directed 
against these polymorph epithelial mucins (PEM) label 2-10% of mesenchymal 
mononucleated cells of healthy volunteers (193). Many studies have therefore used 
monoclonal antibodies against cytokeratins (CKs), which are major constituents of 
the epithelial cytoskeleton. These proteins are regularly and abundantly expressed 
by epithelial cells and their malignant descendents. Anti-CK antibodies have been 
shown to yield a higher degree of specificity than antibodies directed against PEMs 
(160;185;187). While illegitimate CK messenger RNA expression by hematopoietic 
cells may potentially take place,(194-198) this problem is not relevant for 
immunocytochemical methods, since CK antigens are only very rarely detected in 
these cells (176;185;199;200). Consequently, false positive control aspirates may be 
explained by spurious staining of plasmacytoid cells(189) or may reflect the presence 
of a yet undiagnosed malignancy (187) Further justification for the use of CK as an 
ITC marker is presented by studies of Klein et al (201;202) and Müller et al. (203), 
who identified nuclear characteristics of CK positive cells by genetic analysis that are 
commonly found in breast carcinoma cells. Finally, a combination of several 
antibodies directed against various CK antigens may be used to account for the 
antigenic heterogeneity of tumor cells (179;200). 
A reliable, quantitative detection assay was established (204) according to the 
proposal of Borgen et al. for a standardized immunocytochemical protocol to be used 
as a gold standard (205). This assay which is known for reproducible sensitivity and 
specificity (176), uses the monoclonal anti-CK antibody A45-B/B3 (206), which 
detects an epitope present on several cytokeratin polypeptides. At least 2 x 106 cells 
per patient need to be screened in order to render satisfactory sensitivity. Screening 
can be performed either manually by bright-field microscopy or automatically by an 
image-analysis scanning system. The latter method may contribute to an improved 
read-out by avoiding cumbersome and fatiguing manual analysis (207;208). Previous 
methodical studies using surrogate model systems (e.g. cell line tumor cells spiked 
into bone marrow specimens) demonstrated a 95% chance for immunocytochemical 
detection of a single cancer cell in 2 x 106 bone marrow cells (209). However, the 
relevance of such studies may be questionable, since it remains unclear how 
homogeneous tumor cell lines reflect the heterogeneity within patient bone marrow 
samples. This heterogeneity is a variable that may considerably influence the actual 
assay sensitivity. Enrichment methods are now available to improve sensitivity and 
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reproducibility of the detection assays. Clinical evaluation of these enrichment 
methods, however, is still warranted (183;210-214). 
 

Figure 30 Single Disseminated Tumor cells in Bone Marrow 
detected using mAb A45-B/B3 
 

 
 
In addition to immunocytochemical methods, molecular approaches have been used 
to detect ITC. These methods mainly use a polymerase chain reaction (PCR)-
mediated amplification of tumor cell DNA or of cDNA generated by reverse 
transcription of mRNA (RT-PCR) (215-219). However, so far, the specificity of RNA-
based markers has remained a critical issue due to low-level illegitimate expression 
of relevant markers in surrounding non-malignant cells and the fact that distinction 
between viable and nonviable cells is impossible (220). With quantitative RT-PCR 
techniques that enable an estimate of the number of reference gene transcripts in 
bone marrow samples in relation to the marker gene (e.g. CK 19), a cut-off level can 
be created to distinguish between malignant and non-malignant cells (221;222). 
Flow cytometry has been established for MRD detection in lymphoma and leukemia 
(223;224). However, whether this method bears any advantage over 
immunocytochemistry for MRD detection in patients with epithelial tumors remains to 
be shown. In particular, the low number of ITC present in bone marrow aspirates of 
early stage breast cancer patients may severely hamper the flow cytometric 
approach. The results of studies published so far comparing flow cytometry and 
immunocytochemistry show rather divergent results, depending on the specific 
detection method used (225-228). The clinical relevance of flow cytometry for MRD 
detection in epithelial tumors still remains to be demonstrated and may require the 
additional use of efficient and reproducible tumor cell enrichment procedures. 
In breast cancer, histopathological methods showed a very low ITC detection rate in 
conventional bone marrow biopsies (229). Thus, this technique was criticized as an 
inadequate diagnostic tool due to its limited sensitivity. Therefore, 
immunocytochemical procedures have been used by most research groups, with 
some more recent studies also publishing RT-PCR results (Table 10). The majority of 
discrepant results can be attributed to substantial methodological discrepancies 
between the trials. In particular, differences in sensitivity and specificity of the applied 
techniques and antibodies, as well as the number of analyzed bone marrow cells, 
methods of specimen collection, preparation and the use of enrichment techniques 
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may influence detection rates and prognostic relevance. While older studies 
investigating bone marrow biopsies show isolated tumor cells in 1% to 17 % of 
patients, detection rates in aspiration specimens are considerably higher. Using 
immunocytochemical techniques based on monoclonal antibodies directed against 
epithelial cell antigens, the incidence of ITC in patients without overt metastases lies 
between 13 % and 43 %. In comparison to immunocytochemical techniques, some 
more recent publications have shown a higher incidence of cytokeratin-positive cells 
by reverse transcriptase polymerase chain reaction (RT-PCR), ranging from 26 % to 
71 %. However, sufficient methodological validation has so far only been provided for 
immunocytochemical detection methods, using cytokeratin antibodies (230;231) with 
a false-positive rate as low as 1 % (160).  
As the presence of ITC in bone marrow only partially correlates with established 
prognostic factors at time of primary diagnosis, it could serve as a parameter 
providing prognostic information independent of conventional clinical and 
pathological criteria. While most studies substantiate a prognostic relevance of ITC at 
primary diagnosis (130;161;163-167;187;188;232-235), some authors were not able 
to find an association between bone marrow status and recurrence-free or overall 
survival (172;221;226;236-241). However, most trials lacking a significant correlation 
to survival were early publications, investigating bone marrow biopsies using 
glycolipid or mucin antibodies. Moreover, patient numbers in these studies were 
rather small (190). An early meta-analysis comprising 2494 patients from 20 studies 
was not able to confirm bone marrow status as an independent predictor of 
recurrence-free and overall survival (242). Even though this meta-analysis included a 
substantial number of patients, it comprised individual studies with rather divergent 
detection methods, thus making comparison of the studies extremely difficult.  
In more recent studies, comprising substantial patient numbers and sufficient follow-
up, an increasing prognostic relevance of ITC in the bone marrow has been 
established. Using an anti-EMA antibody, Mansi et al. found a significant prognostic 
influence of bone marrow status at time of primary diagnosis on later manifestation of 
distant metastases and on overall survival after median follow-up of 12.5 years. 
However, in contrast to tumor size and nodal status ITC were not confirmed as an 
independent prognostic factor in multivariate analysis (167). In a large patient cohort 
of 727 patients, Diel et al., found a correlation of bone marrow status with distant 
disease-free (DFS) and overall survival (OS) after median follow-up of 36 months. 
The independent prognostic impact of ITC on survival was even superior to that of 
lymph node status, tumor stage, and grade (162). Furthermore, all four recent 
prospective trials, comprising a total of 2316 patients, confirmed in multivariate 
analysis that the presence of cytokeratin-positive cells in the bone marrow predicts 
poor prognosis independently of conventional prognostic factors (160;163;164;188). 
 

Table 8 Prognostic relevance of isolated tumor cells in the bone 
marrow of breast cancer patients at primary diagnosis 
 

Publication Number 
of 

Patients 

Detection 
Rate (%) 

Marker Material Technique Prognostic 
Relevance 

Coombes et 
al.(243) 

269 23 E29 aspirate ICC DFS 
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Schlimok et al 
(187) 

155 18 CK18 aspirate ICC DDFS 

Porro et al 
(237) 

159 16 Mbr1 biopsy ICC - 

Kirk et al.(244) 25 48 LICR.LON.M8.4 aspirate ICC - 
Salvadori et al 

(238) 
121 17 Mbr1 biopsy ICC - 

Mathieu et 
al(240), 

93 1 KL1 biopsy ICC - 

Courtemanche 
et al (236) 

50 8 LICR.LON.M8.4 biopsy ICC - 

Dearnaley et 
al.(245) 

37 33 EMA aspirate ICC DFS, OS 

Singletary et al 
(241) 

71 38 AE-1, AE-3, MAK 6, 
113F1, 260F9, 

317G5 

aspirate ICC - 

Cote et al 
(161) 

49 37 T16, C26, AE-1 aspirate ICC DFS, OS 

Harbeck et al 
(165) 

100 38 E29, Moll, 12H12 aspirate ICC DFS, OS* 

Diel et al (162) 727 43 2E11 aspirate ICC DFS, OS* 
Funke et al 

(172) 
234 38 CK18 aspirate ICC n.d. 

Molino et al 
(226) 

109 38 Mbr1/8 aspirate ICC - 

Landys et al 
(166) 

128 19 AE-1, AE-3 biopsy ICC DFS, OS* 

Untch et 
al(246)  

581 28 CK18 aspirate ICC - 

Mansi et al 
(167) 

350 25 E29 aspirate ICC DFS, OS 

Braun et al 
(160) 

552 36 A45-B/B3 aspirate ICC DDFS, OS* 

Gerber et al 
(164) 

554 31 CK8, 18, 19 aspirate ICC DFS, OS* 

Gebauer et al 
(163) 

393 42 CK/EMA aspirate ICC DFS*, OS 

Datta et al 
(234) 

34 26 CK19 aspirate RT-PCR DFS 

Fields et al 
(233) 

83 71 CK19 aspirate RT-PCR DFS 

Vannucchi et 
al (235) 

33 48 CK19 biopsy RT-PCR DFS 

Slade et al 
(221) 

23 61 CK19 aspirate RT-PCR - 

Wiedswang et 
al (188) 

817 13 AE-1, AE-3 aspirate ICC DDFS, OS* 

Braun et al 
(232) 

4199 30 A45-B/B3 aspirate ICC OS* 

 
Abbreviations: CK, cytokeratin; DFS, significant correlation between positive bone marrow status and 
desease-free survival; DDFS, significant correlation between positive bone marrow status and distant 
disease-free survival; ICC, immunocytochemistry; OS, significant correlation between positive bone 
marrow status and overall survival; RT-PCR, reverse-transcriptase polymerase chain reaction; n.d., 
not done. 
* prognostic relevance in multivariate analysis 
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A recently published pooled analysis by the ‘Collaborative Group Bone Marrow 
Micrometastasis’ analyzed data of 4199 patients from eight European centers (232). 
All patients were free of distant metastases at time of primary surgery; 90 % of the 
patients had pT1 and pT2 tumors; 58 % were node-negative; and 70 % had received 
adjuvant therapy. The overall detection rate of ITC in bone marrow was 30 % 
(n=1,277). After a median follow-up of 58 months, patients with ITC at primary 
diagnosis had a significantly reduced DFS (HR 2.10; 95%CI, 1.86-2.38; P<0.001) 
and OS (HR 2.28; 95%CI, 1.97-2.63; P<0.001) in univariate analysis. The reduced 
prognosis of bone marrow positive patients was not attributable to adjuvant therapy, 
since subgroup analysis also revealed decreased overall survival in node-negative 
patients without adjuvant systemic therapy (HR 1.87; CI 1.32-2.65; P<0.001). In 
multivariate analysis, next to tumor size, lymph node status, histopathological grading 
and negative hormone receptor status, MRD remained a significant risk factor for 
reduced overall survival in all patients (HR 1.83; CI 1.55-2.15; P<0.001).  
Current strategies for detection and characterization of ITC in bone marrow of breast 
cancer patients could allow improved tumor staging, therapeutic targeting, and - for 
the first time – the possibility of monitoring the efficacy of adjuvant therapy. One of 
the intriguing opportunities for this marker might be monitoring of therapeutic efficacy 
in the adjuvant setting in absence of measurable disease by conventional means.  
In a pilot study, patients with high-risk breast cancer (>3 involved axillary lymph 
nodes or extensive invasion of cutaneous lymph vessels) and receiving standard 
taxane or anthracycline containing chemotherapy were monitored by bone marrow 
analysis before and after adjuvant chemotherapy (178). The overall prevalence of 
positive bone marrow findings before and after chemotherapy remained essentially 
unchanged. In addition, the presence of tumor cells after therapy was associated with 
an extremely poor prognosis and pointed to a heterogeneous response to treatment. 
In the high-dose chemotherapy setting, two pilot studies in breast cancer patients 
receiving either ifosfamide-carboplatin-epirubicin (n=18) or vinblastin-ifosfamide-
carboplatin (n=10) chemotherapy with autologous stem cell transplantation showed 
ITC in 15 (83%) or in 3 (30%) bone marrow specimens obtained after completion of 
treatment, even though the majority of patients were in complete clinical remission 
(247). These findings support the discrepancy between clinical diagnosis and the 
immanent risk of relapse represented by MRD. This observation may serve as an 
explanation for treatment failure of high-dose chemotherapy. The persistence of ITC 
even after aggressive conventional systemic therapy shows the need for 
complementary strategies with proven efficacy and improved specificity for tumor 
cells, such as cell-cycle independent therapy.  
Two more recent studies have examined the prognostic relevance of persistent ITC 
in bone marrow of early breast cancer patients without evidence of recurrence (248-
250). In one study, bone marrow aspirates of 228 patients were analyzed during the 
recurrence-free follow-up at a median interval of 21.3 months after primary diagnosis 
of breast cancer stage pT1-2pN0-3pM0 (248). The results, both by univariate and 
multivariate analysis, demonstrated that MRD is not only detectable for a long period 
of time, but that its persistence also predicts a significantly increased risk for relapse 
and cancer-associated death. Patients without evidence of persistent ITC had a 
significantly longer overall survival (162.1 months) than patients with positive bone 
marrow status (98.7 months, p=.0008). In multivariate Cox regression analysis, 
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adjusting for initial bone marrow status, tumor size, nodal status, and 
histopathological grade, persistent ITC were an independent significant predictor for 
reduced DFS (RR4.57, p<.0001) and overall survival (RR5.57, p=.002). 
In a second trial, Naume et al. confirmed the prognostic relevance of persistent ITC 
at three years after primary diagnosis (n=356) (250). In this analysis, persistent MRD 
was found in 15% of patients. After median follow-up of 66 months, the presence of 
persisting ITC was a strong independent prognostic factor for both DFS and OS. In 
multivariate analysis, adjusting for initial bone marrow status, axillary lymph node 
status, tumor size, HER-2/neu over-expression, and vascular invasion, ITC presence 
at follow-up bone marrow aspiration was associated with a relative risk of 7.5 (p= 
.007) for breast cancer related death. 
In addition to therapy monitoring, ITC may be valuable therapy targets. Since these 
cells frequently remain non-proliferative or dormant (251;252), cell-cycle-
independent, antibody-based therapy appears to be a promising therapeutic option. 
In a pilot study by Braun et al. (177), a single dose of 500 mg edrecolomab was 
administered to 10 advanced breast cancer patients. Edrecolomab is directed against 
the epithelial cell adhesion molecule EpCAM, which is widely expressed on breast 
cancer cells. A marked reduction of the pre-therapeutic tumor cell load in all patients 
was seen at a second follow-up BM aspiration within 5-7 days after antibody 
treatment. In 4 of the 10 patients, no cytokeratin-positive/EpCAM-positive metastatic 
cells were present after treatment with edrecolomab. Since edrecolomab exhibits a 
marked antibody dependent cellular cytotoxicity and complement-dependent 
cytotoxicity in ex vivo experiments with serum of treated patients, it is very likely that 
the observed disappearance of tumor cells from bone marrow was caused by the 
administered antibody. No immediate alteration of the clinical course of the disease 
was observed - a fact that is not surprising considering the advanced stage of the 
study patients. Presumably due to the overwhelming tumor burden, monoclonal 
antibody therapy has been disappointing for patients in advanced stage cancer (253). 
This may in part be due to physiological barriers that prevent antibodies from 
penetrating the tumor mass (254). 
However, in the adjuvant setting, antibody based therapy has been shown to be 
effective. Among the first studies to test this therapeutic rationale, the pivotal trial of 
edrecolomab versus placebo in Dukes C colorectal cancer patients demonstrated 
that a clinical benefit is achievable in the adjuvant setting (219). Patients were treated 
with 5 sequential doses of edrecolomab directed against EpCAM, which is almost 
homogeneously expressed in colorectal cancer. In the 7-year follow-up update (255), 
the edrecolomab-treated group experienced a 30% reduction in mortality and distant 
metastases compared to the untreated control group. These data also suggest that 
targeted therapies guided by ITC phenotyping may be among the most promising 
treatment options in the future. Different techniques, comprising immunofluorescence 
double staining, fluorescence in situ hybridization and many others, have been 
developed to visualize the antigenic profile of ITC. In cases with distinct molecular 
targets, specific antibody based therapies, such as trastuzumab (123), may be most 
effective. Furthermore, looking at the possibility of extended adjuvant endocrine 
treatment (256), detection of persistent ITC and subsequent hormone receptor 
analysis could be beneficial. Finally, protein target independent agents, such as 
bisphosphonates, have demonstrated therapeutic efficacy in patients with evidence 
of MRD in the bone marrow (130;257).  
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3.2 Disseminated Tumor Cells in Peripheral Blood 
While data on disseminated tumor cells in the bone marrow shows good sensitivity 
and prognostic value of these cells in all stages of the disease, the bone marrow 
aspiration is an invasive procedure and not in widespread use among clinicians. In 
contrast, peripheral blood would be an ideal source for the detection of tumor cells 
due to its` easy sampling procedure and accessibility at any time of the disease. 
However, few data has been published on the detection and prognostic relevance of 
disseminated tumor cells in peripheral blood so far. 
The detection of circulating tumour cells dates back to the 19th century, when Sanson 
and Ashwort described the occurrence of “cells similar to those in the tumours” in 
peripheral blood of cancer patients.(258;259) In the 1950s and 1960s many reports 
on the cytomorphological detection of disseminated tumour cells in peripheral blood 
were published.(260;261) Yet, because of the low specificity of mere 
cytomorphological methods with false-positive rates as high as 96%, the detection of 
circulating tumour cells was thought to be not feasible. 
About twenty years later, newly developed immunocytochemical techniques offered a 
sensitive approach to the detection of haematogenously disseminated tumour cells, 
now called “minimal residual disease” (MRD). Several techniques were applied to 
different tumour entities, like neuroblastoma, lung and breast cancer.(262-264) Since 
the 1980s, molecular procedures such as polymerase chain reaction (PCR) and 
reverse transcriptase PCR (RT-PCR) have been used for the detection of 
disseminated tumour cells in several malignomas.(265;266) With these highly 
sensitive methods even very small numbers of circulating tumour cells can be 
detected in peripheral blood. 
The dissemination of tumour cells to the blood is frequent after vascular invasion of 
the primary tumour and increases the risk for haematogenous metastases.(267) 
However, the prognostic relevance of circulating tumour cells in the peripheral blood 
of breast cancer patients remains to be demonstrated.(268;269) 
 

3.2.1 Enrichment Techniques 
Approaches to isolate tumour cells from peripheral blood may increase both 
specificity and sensitivity of cancer cell detection and enhance the opportunity of 
further characterisation. Most approaches utilise the difference in antigen expression, 
mainly the presence of epithelial or cancer-associated antigens in the absence of 
haematopoietic antigens, while the divergent morphology of circulating tumour cells 
may also be exploited. 
Frequently, the positive selection of circulating tumour cells in peripheral blood is 
achieved by immunomagnetic techniques using magnetic particles. These particles 
are coated with antibodies directed against cell adhesion molecules (e.g. EPCAM 
antibodies),(270) against epithelial cell surface antigens (e.g. BerEP4, 317G5, 
MOC31) or against cytoskeletal cytokeratin antigens (e.g. AE1, AE3 and A45-B/B3). 
An alternative approach is the negative selection by removing the majority of CD45-
positive haematopoietic cells with the help of anti-CD45-coated magnetic 
particles.(271-275) Using the standardized CellSearch System based on an EPCAM 
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enrichment procedure, Allard et al. could achieve a recovery rate of above 85%.(270) 
Naume et al. showed comparable efficacy for negative and positive immunomagnetic 
techniques, respectively. Using antibodies directed against epithelial surface 
antigens, this study achieved recovery rates for tumour cells of 60% to 80% and an 
enrichment factor of 1000. In contrast to standard immunocytochemical techniques, 
the detection rate was increased 3 to 4 times.(273) These recovery rates are 
remarkably higher than those using anti-cytokeratin antibodies, which range from 
30% to 60%.(276;277) Moreover, the intracellular location of cytokeratins requires 
permeabilization of the cells and therefore excludes the possibility of functional tests 
following separation. 
Purification procedures based on the physical differences in density, size and 
aggregation of circulating tumour cells include density-gradient techniques and 
filtration processes. The isolation of the mononuclear cell fraction by Ficoll or Percoll 
gradients leads to an approximately 10fold enrichment of tumour cells with an overall 
tumour cell recovery rate of 80% and a volume reduction of 98%.(278;279;279) A 
recent study on 347 breast cancer patient described a filtration process, in which 
cells and cell aggregates larger than 20 μm in size were recovered, followed by RT-
PCR. This method achieved a purity of more than 50% viable circulating tumour cells 
and a recovery rate of 38% compared to 25% after immunomagnetic 
enrichment.(280) A novel method designed to enrich tumour cells from peripheral 
blood via a porous barrier gradient centrifugation has been described 
previously.(281) In comparison to Ficoll enrichment, this technique results in a 
depletion of mononuclear cells facilitating subsequent detection techniques due to an 
higher tumour cell density. While the enrichment of tumour cells by the factor 300 
was much higher with the porous barrier gradient centrifugation, recovery rates were 
equal for both techniques.(282) 
In conclusion, immunomagnetic approaches can be highly effective. The well-known 
heterogeneity of antigen expression in tumour cells represents the most striking 
disadvantage of these enrichment techniques.(283) The efficacy reported for density-
gradient techniques and filtration processes is lower, and tumour cells differing in 
their physical characteristics might be missed. However, centrifugation protocols 
might permit an easier and more practical approach than immunomagnetic tumour 
cell enrichment.  

3.2.2 Immunocytochemical Detection (ICC) 
Immunocytochemical methods are most extensively used for the detection of isolated 
tumour cells in bone marrow and lymphatic tissue. However, because of the low 
frequency of circulating cells in peripheral blood, the detection of tumour cells is 
much more difficult in this type of specimen. Several studies, evaluating the use of 
immunocytochemical methods in this setting have reported incidences of circulating 
tumour cells in the peripheral blood in the range of 0.6 % to 100% (Table 
8).(271;284-290) This immense discrepancy in the different trials might be attributed 
to differences in methodology of the staining protocols and to tumorbiological 
reasons. Most trials applied antibodies directed against cytoskeletal cytokeratin 
antigens. In addition, also antibodies against cell surface glycoproteins and MUC-1 
were used, that are known to cross-react with haematopoietic precursor cells.(291-
293) Thus, discrepancies between studies might be explained by diverging specificity 
and sensitivity of different antibodies, but also by differing enrichment methods and 
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number of mononuclear cells screened. 
Furthermore, tumorbiological factors seem to influence the detection rate of 
circulating tumour cells. At primary diagnosis, Krag et al. demonstrated the clearance 
of circulating tumour cells during the first two weeks after surgery in 65% of patients 
with operable invasive breast cancer, using an antibody against cytokeratin 8/18. 
Preoperatively, circulating tumour cells were detected in the blood of 95% of the 
patients, whereas after 14 days the positive rate had dropped to 30%.(271) 
Continuous tumour cell shedding by the tumour itself(294)or during 
surgery(295;296)may also play a role. In metastatic disease, circulating tumour cells 
were found in 28% to 49% of the cases.(286;297) This corresponds with detection 
rates that have been described for patients with other solid tumour entities.(298;299)  
Additionally, the number of circulating cells in peripheral blood can be influenced by 
tumour cell mobilisation caused by chemotherapy or granulocyte colony-stimulating 
factors. Brugger et al. found that the incidence of positive results increased from 29% 
to 100% in the same patient group after chemotherapy with VP16, ifosfamide and 
cisplatin followed by subsequent stimulation with granulocyte colony-stimulating 
factor.(285) Another trial by Franklin et al. observed an incidence of 3.5% circulating 
tumour cells in peripheral blood in 181 high-risk breast cancer patients with stage II 
to IV disease and treatment with stem cell factor and/or granulocyte colony-
stimulating factor, but only of 0,6% without this treatment. 
More recent studies investigated the predictive value of circulating tumour cells in 
peripheral blood detected by immunocytochemistry.(286-288;297) In two trials, 
tumour cells in peripheral blood were not significantly associated with the first site of 
recurrence, the number of involved organs, tumour marker status, the performance 
status or disease-free and overall survival in Kaplan-Meyer analysis.(286) However, 
two more comprehensive trials on a larger number of patients reported more 
encouraging results. According to Smith et al., the persistence of circulating tumour 
cells accurately reflected the response to chemotherapy in 80 % of patients with 
locally advanced and metastatic breast cancer, whereas in progressive disease ICC 
was only in agreement in 53%.(288) In a trial by Cristofanilli et al. 177 metastatic 
breast cancer patients circulating tumour cells in peripheral blood were evaluated 
before they started a new treatment and followed-up in monthly intervals.(297) 
Patients with more than 5 circulating tumour cells in peripheral blood either at 
baseline or during treatment had a significantly shorter progression-free and overall 
survival compared to patients with fewer than 5 circulating cells. This could be 
confirmed by multivariate analysis, where circulating tumour cells were the most 
significant predictor of progression-free and overall survival. Therefore, the detection 
of circulating tumour cells by ICC might be a valuable tool to monitor treatment.  
Some very recent reports have been published determining the occurrence of tumour 
cells in peripheral blood in non-metastatic patients after using immunomagnetic 
enrichment techniques. Taubert et al. found CK-positive cells in 35% of patients after 
a negative immunomagnetic selection method depleting CD45+ cells (MACS).(300) 
In this set of patients, the detection of CK positive cells in peripheral blood correlated 
significantly with the nodal status and the occurrence of metastases at primary tumor 
resection. Notably, all patients in this study were examined at primary diagnosis, and 
67 patients (81%) were free of metastases. Using MACS and immunostaining for 
cytokeratin, Hu et al. reported a positivity rate of 39% and a correlation of tumour 
cells in blood with the clinical stage of the disease: the positivity in the enriched 
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fraction was 0% (0/4), 33.3% (8/24), 60% (3/5) and 100% (3/3) for tumors at stages I, 
II, III and IV, respectively (p < 0.05).(301) With the assistance of a automated 
fluorescence miscroscope, Kraeft et al. detected CK-positive tumor cells in the blood 
of 35% of breast cancer patients.(302) After enrichment for EPCAM-positive cells, 
another trial reported an overall positivity rate of 28%, with 76% of metastatic 
patients, 8% of node-positive patients and none of the node-negative patients 
presenting with CK-positive cells in peripheral blood.(303) Two very recent trials 
using a combination of Ficoll and a filtration technique or Ficoll alone for the 
enrichment of tumour cells, found a significant correlation of CK-positive cells in 
blood with the stage of the disease.(304;305) Detection rates in the study by Kahn et 
al. were 21% in node-negative patients, 31% in node-positive patients and 45% in 
metastatic patients at the initial study visit and ranged from 39% to 71%, when 
repeated blood sampling was taken into account. Unfortunately, this study did not 
discriminate between different time points of blood sampling, as patients receiving 
chemotherapy were compared with untreated patients.  In comparison, detection 
rates using Ficoll enrichment alone were fairly lower with 7.5% in stage I/II disease, 
25% in stage III and 41% in stage IV.(305) A correlation with DFS could not be found. 
Another trial by Müller et al., however, included patients with primary breast cancer 
(stage M(0)) after surgery and before initiation of adjuvant chemotherapy.(306) Using 
a gradient centrifugation (OncoQuick) for cell enrichment followed by anti-cytokeratin 
antibody staining, circulating tumor cells were detected in 5 of 60 patients (8.3%); a 
positive correlation to the presence of disseminated tumor cells in bone marrow was 
observed (P = 0.030, n = 53). Performing repeated analysis in a subgroup of 25 M(1) 
patients, circulating tumor cells were found more frequently in patients with 
progressive disease than in patients with stable disease or remission (87.5% versus 
43.8% of patients with circulating tumor cells, respectively; P = 0.047). 
All these recent trials have demonstrated a good feasibility of tumour cell detection in 
peripheral blood with immunocytochemical techniques after enrichment techniques 
had been applied.   
 

Table 9 Immunocytochemical Detection of MRD in the Blood of Patients 
with Breast Cancer 
First 
Author, 
Year 

No. of 
Patients

Prevalence 
of MRD 
(%) 

Sensitivity 
/ recovery
rate (%) 

Antibodies 
used 

Enrichment Control 
Patients

Prognostic 
relevance, 
correlation 
with clinical 
parameters 

Brugger, 
1994 

46 29 % - 
100 % 
(HDT) 

4 x 10-5 AE1∗, AE3∗, 
HEA125, 
APAAP 

Ficoll/Hypaque none nsp 

Franklin, 
1996 

155 17 % 
(HDT) 

4 x 10-6  260F9, 
520C9, 
317G5, BrE-
3, APAAP, 
hematotoxylin

Ficoll/Hypaque  Stage 

Franklin, 
1999 

181 0.6 % - 
3.5 % 
(HDT) 

1.7 x 10-6 AE1∗, AE3∗, 
MUC-1; 
APAAP, 
hematoxylin 

Ficoll/Hypaque none nsp 
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Krag, 1999 21 30 % - 95 
% 

nsp CK 8/18-Ab, 
AP, 
hematoxylin 

Ficoll/Hypaque, 
epithelial mAb 

0 % surgery‡ 

Smith, 
2000 

22 42 % nsp A45-B/B3, 
APAAP 

Ficoll/Hypaque 0 % nsp 

Kraeft, 
2000 

355 35% 10-6 CK, EPCAM None 0% nsp 

Kruger, 
2001 

75 40 % nsp KL1, A45-
B/B3, APAAP 

Ficoll/Hypaque, 
red cell lysis, 
anti-HEA-125-Ab 

nsp OAS‡‡, 
DFS‡‡ 

Mehes, 
2001 

19 42 % nsp CK-Ab, MUC-
1-Ab 

Lymphoprep 0 % nsp 

Witzig, 
2002 

84 28% 86% A45B/B3 Immunomagnetic 
HEA-125  

0% Nsp 

Cristofanilli, 
2004 

177 49% nsp CK 8/18/19-
Ab, CD45-Ab 

Immunomagnetic 0% OAS‡, PFS‡ 

Hu, 2003 36 39% Nsp CK Immunomagnetic nsp stage‡ 
Taubert, 
2004 

83 35% nsp CK 8/18 Immunomagnetic 
CD45 

nsp N‡, M‡ 
T‡‡, 
grade‡‡, 
ER‡‡, PR‡‡ 

Kahn, 2004 131 39-71% 5 x 10-7 CK8 Ficoll, filtration 0% Stage‡, 
PR‡, T‡‡, 
grade‡‡, 
ER‡‡ 

Piergas, 
2004 

114 8-41% nsp CK8/18/19 Ficoll nsp Stage‡, 
DFS‡‡ 

Müller, 
2005 

85 8 vs. 40% nsp CK8/18/19 OncoQuick nsp Stage‡, 
tumor 
progression‡

nsp:  not specified 
HDT: high dose chemotherapy 
T: tumor size 
N: nodal status 
ER: estrogen receptor status 
PR: progesteron receptor status 
∗  Anti-cytokeratin components 
‡ significant correlation (p<0.5) 
‡‡ nonsignificant correlation 
 
 

3.2.3 Molecular Detection Procedures 
In the last decade, molecular techniques, such as polymerase chain reaction (PCR) 
and reverse transcriptase PCR (RT-PCR) have been applied more frequently for the 
detection of circulating tumour cells in peripheral blood and bone marrow. This highly 
sensitive approach allows the detection of one malignant cell within at least a million 
of mononuclear cells.(307-309) Though, in contrast to most haematological 
malignancies, well-characterised, tumour-specific molecular markers are limited in 
breast cancer. The most frequently used markers include epithelial antigens, like 
CK18, CK19, CK20, MUC-1(234;310-313) and cancer cell specific antigens, e.g. 
CEA, telomerase, p53, c-erbB-2 and ß-HCG or PSA.(314-318) Recently, 
mammaglobin and maspin have been identified as promising new markers, because 
their expression seems to be limited to mammarian epithelial cells and is frequent in 
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malignant mammary cells.(319-322) (Table 2)  
Using molecular procedures, detection rates for circulating epithelial cells in 
peripheral blood range from 3% to 84%. This may be attributed to several differences 
in the assay protocols, to the varying specificity of the markers and to tumour 
characteristics of the examined patient groups , which makes a comparison of the 
studies difficult. In those studies, which used CK, CEA, mammaglobin and maspin as 
molecular markers, circulating cells were found in 8% to 46% of patients.(234;311-
313;320;321;323-325) Higher rates were reported for c-erbB-2 (59%)(318), 
telomerase (84%)(316) and multimolecular marker assays (70%).(314;317) As the 
genomic heterogeneity between primary tumour and occult metastatic cells, as well 
as between the different cell lines of a single tumour is a well-known problem in the 
detection of MRD, this can explain the increased rate of circulating tumour cells, 
when multimolecular assays with a higher sensitivity are used. 
However, specificity is a major concern in the detection of MRD by molecular 
techniques. Several of the commonly used markers, among them CK18, CK19, 
CK20, CEA, MUC-1 and c-erbB-2, are expressed in normal cells of peripheral blood, 
bone marrow and lymph nodes, leading to false positive results. Moreover, many of 
these molecular markers are also frequently expressed in normal epithelial cells and 
can also be amplified up to 39% of patients with benign breast disease or healthy 
donors.(326-328) Therefore, illegitimate transcription of tumour-associated or 
epithelial-specific genes in haematopoietic cells, presence of pseudogenes and 
deficient expression of marker genes in tumour cells are the limiting factors for the 
detection of circulating tumour cells by PCR. 
The correlation of circulating tumour cells, as detected by PCR, and 
clinicopathological parameters, is being discussed controversially, probably due to 
the small numbers of patients and the short follow-up in most studies. Some studies 
reported a higher rate of MRD with increasing stage of disease.(311;313;329) This 
could be confirmed by Taback et al. and Zach et al., who showed a significant 
correlation between the detection of tumour cells in peripheral blood and tumour 
stage at first diagnosis and the course of the disease, respectively. Their findings are 
statistically significant in univariate and in multivariate analysis.(317;321) In another 
study by Grünewald et al., the expression of mammaglobin correlated with the nodal 
status and the occurrence of distant metastasis.(328) Uciechowski et al. found a 
significant correlation of genomic alterations of the DCC- and c-erbB-2-genes and 
recurrence-free survival. Additionally, the number of genomic imbalances in 
circulating tumour cells proved as an independent prognostic factor in multivariate 
analysis.(314) 
Some more recent reports also indicate a prognostic relevance of disseminated 
tumour cells in peripheral blood. The first study to report a clinical significance of 
CK19 RT-PCR was published by Wong et al., where elevated CK19 levels correlated 
significantly with a decreased overall survival. CEA,  in the contrary, was not able to 
distinguish breast cancer patients from healthy donors due to a very high positivity of 
92% in the same patient cohort.(330) Weigelt et al. found a significantly worse 
progression-free and overall survival in 94 patients with metastatic disease with an 
incidence of 31% of circulating tumor cells detected by a multimarker assay in these 
patients.(331) Furthermore, there is also one trial confirming the prognostic relevance 
of circulating tumour cells in peripheral blood in the adjuvant setting. Stathopoulou et 
al. Investigated 148 patients with operable breast cancer before starting adjuvant 
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chemotherapy.(332) CK19-positive cells were detected in the peripheral blood in 
30% of these early stage patients, while 52% of patients showed tumour cells after 
they had been diagnosed with metastases. Detection of peripheral-blood CK19-
positive cells proved as independent prognostic factor for both disease-free and 
overall survival in multivariate analysis.   
 

Table 10 Molecular Detection of MRD in the Blood of Patients with 
Breast Cancer 
First Author, 
Year 

No. of 
Patients

Prevalence 
of MRD
(%) 

Sensitivity 
/ recovery 
rate (%) 

Target Enrichment Control 
Patients

Datta, 1994 34 21 % 10-6 K-19 none 3 % (1) 
Krüger, 1996 35 46 % (37 

% - 60 %) 
10-6 CK-19 Ficoll/Hypaque 0 % 

Schoenfeld, 
1997 

78 25 % 10-6 K19 Lymphoprep 0 % 

Mori, 1998 62 19 % 10-6 CEA None 0 % 
Slade, 1999 60 38 % (13 

% - 54 %) 
 

10-6 - 10-7 CK-19 Ficoll/Hypaque 0 % 

Soria, 1999 25 84 % 1.2 EC/ml Telomerase Ficoll/Hypaque, 
BerEP4∗∗∗ 

0 % 

Wasserman, 
1999 

17 59 % 10-6 c-erbB-2 none 0 %  

Zach, 1999 114 25 % 10-6 - 10-7 Mammaglobin 
(U33147) 

none 2 % (2) 
 
 
 

De Cremoux, 
2000 

122 24-45% 1 cell/5ml 
blood 

Muc1 BerEP4∗∗∗ 11% 

De Luca, 
2000 

91 59% 10-5 EGFR None 11% 

8 % Mammaglobin 0 % 
10 % EGF-R 0 % 

Grünewald, 
2000 

145 

48 % 

10-6 

CK-19 

none 

39 % 
(12) 

Kahn, 2000 109 30-71% <10-6 CK19 Ficoll 0% 
Sabbatini, 
2000 

30 3 % - 50 
% 

10-6 Maspin 
(U04313) 

Ficoll/Hypaque 0 % 

Suchy, 2000 98 11 % Nsp Mammaglobin Nycoprep 0 % 
Uciechowski, 
2000 

353 71 % 54 % - 68 
% 

P53, RB-1, 
DCC, APC,c-
erbB-2, c-
myc, D9S126, 
D9S171, 
D16S496, 
D17S695 

Nycoprep, 
polyester 
mesh, anti-
CD45 mAb 

0 % 

Taback, 2001 65 69 % 1-5 x 10-7 ß-HCG, c-
Met, MAGE-
A3, GalNAc-T 

none 0 % 

Wong, 2001 33 72% Nsp CK19  19% 
Silva, 2002 78 24% 10-8 Mammaglobin none 0% 
Stathopoulou, 
2002 

148 30-52% 10-6 CK19 Ficoll 3.7% 

Schröder, 
2003 

58 33% 10-6 CK19, EGP2 none Nsp 
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Weigelt, 2003 94 31% nsp CK19, pIB, 
PS2, EGP2 

nsp Nsp 

nsp:  not specified, EC: epithelial cells, T: tumor size, N: nodal status, M: 
 metastatic status, ER: estrogen receptor expression, PR: progesterone receptor 
expression, ∗∗∗ epithelial marker, ‡ significant correlation (p<0.5), ‡‡ nonsignificant 
correlation 
 

3.2.4 Flow cytometry 
Flow cytometry has been proven to be a feasible and highly sensitive tool for the 
detection of circulating tumour cells in the peripheral blood of breast cancer patients. 
The reported sensitivity of this method can be as high as one tumour cell in 107 blood 
cells in the literature.(268;333) (Table 10)  
Racila et al. developed a multiparameter flow cytometry after immunomagnetic 
tumour cell enrichment with an anti-EPCAM antibody. The cytometric detection is 
based on labelled anti-cytokeratin and CD45 mAb and, additionally, it accounts for 
staining, size and granularity of the cells. This study showed a highly significant 
difference in the number of circulating tumour cells found in breast cancer patients at 
the time of primary diagnosis, compared to healthy controls. The difference between 
the locoregionally restricted group and the patients with distant metastasis was 
significant as well. In the blood of healthy control individuals, the number of epithelial 
cells ranged from 0 to 5 (mean 1.5), whereas the average of cells found in patients 
with locoregionally restricted malignant disease was 15.9 ± 17.4 (± SD), 47.4 ± 52.3 
(± SD) in patients with nodal involvement, and 122 ± 140 (± SD) with distant 
metastases. Additionally, in this study, the number of circulating tumour cells 
reflected the clinically assessed activity of the disease.(274;334) 54% of healthy 
donors also showed circulating tumour cells in the blood in this study. These results 
were confirmed by Terstappen, who also investigated the relevance of flow cytometry 
for the detection of MRD during the follow-up of breast cancer patients. 37 patients 
underwent multiple examinations over one year between one and twenty years after 
surgery. In this study, 29% (9 of 31) of the patients without evidence of the disease 
and 50% (3 of 6) of the patients in complete remission after previous successful 
treatment of distant metastases had epithelial cells above the normal range. The 
number of epithelial cells detected in patients with metastatic disease was associated 
with the activity of the disease and frequently preceded the clinical course as to 
progression and remission. A positive response to chemotherapy was associated 
with a decrease in epithelial cells, labelled with anticytokeratin antibodies.(275) The 
detection of an increased number of epithelial cells in metastatic disease by flow-
cytometry was confirmed by Beitsch et al.(335), but not by Mancuso, who found no 
significant difference between breast cancer patients with early and metastatic 
disease.(336) This discrepancy might be attributed to differences in the assay 
protocols: Mancuso used epithelial markers and activation markers for the selection 
of tumour cells instead of anti-cytokeratin antibodies, that were applied in all other 
studies. Activated tumour cells, i.e. cells positive for the activation markers CD105 
and CD106, clearly decreased in number in  patients evaluated before and 24 hours 
after quadrantectomy in the trial by Mancuso et al.. Most trials combined flow 
cytometry with subsequent imunocytochemistry to confirm the malignant character of 
the detected epithelial cells.(274;275;334;335) 
In conclusion, flow cytometry represents a highly sensitive method to detect and 
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quantify circulating epithelial cells in peripheral blood, though the clinical relevance 
and prognostic significance of the detected cells still remains in dispute. However, 
further characterisation of the circulating tumour cells subsequent to the detection by 
flow cytometry requires labour-intensive cell sorting. For these reasons, flow 
cytometry currently cannot be regarded as a standard technique for the detection of 
MRD in solid tumours, but may offer promising aspects for the monitoring of MRD in 
future. 
 

Table 11 Detection of MRD in the Blood of Patients with Breast Cancer 
by Flow Cytometry  
First 
Author, 
Year 

No. of 
Patients

Prevalence 
of MRD 
(%) 

Sensitivity 
/ recovery
rate (%) 

Antibodies 
used 

Enrichment Control 
Patients

Prognostic 
relevance, 
correlation 
with 
clinical 
parameters

Gross, 
1995 

BT-20-
Cell 
model 

 10-7 NCL-5D3∗, 
NCL-
LP34∗, 
CAM5.2∗, 
AE1∗, 
HLe1†, 
gpIX††, 
HPCA-2∗∗∗, 
anti-CD61-
Ab 

Ficoll/Hypaque   

Racila, 
1998 

30 97 %  75-100 % CAM5.2,∗ 
CD45 mAb 

GA73.3∗∗ 7+/13 
(mean 
1.5 
EC) 

PM‡ 

Engel, 1999 9 100 % 5 x 10-4 CD45 Ab, 
CK-Ab 

Ficoll/Hypaque, 
anti-CK8-Ab 

Nsp nsp 

Terstappen, 
2000 

45 29 % -80 
%  

Nsp CAM5.2,∗ 
CD45 mAb 

GA73.3∗∗, 
MJ37 ∗∗ 

32 
(mean 
1.5 
EC) 

nsp 

Beitsch, 
2001 

34 96 – 100 
% 

Nsp CK-Ab, 
CD45-Ab 

EPCAM-Ab 23 
(mean 
1.7 
EC) 

stage‡ 

Mancuso, 
2001 

46 21.4 EC/ 
μL 

0,1 
EC/μL – 
90 % 

WM59∗∗∗, 
HPCA-2∗∗∗, 
2D1†, 
8E11§, 
5110C9§, 
AC133/1†††, 
P1H12∗∗∗ 

none 20 
(mean 
9.1 
EC/μL) 

surgery‡, 
stage‡‡, 
age‡‡,  

Zabaglo, 
2003 

20 100% 1 EC/ml CK 
5,6,8,17 

filter 33% 
(1EC) 

nsp 

nsp:  not specified 
EC: epithelial cells 
∗  Anti-cytokeratin components 
∗∗  Anti-EPCAM antibody 
∗∗∗ epithelial marker 
† Anti-CD45-antibody 
†† Anti-CD42a-antibody  
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††† Anti-CD133-antibody (progenitor marker) 
§ activation marker 
‡ significant correlation (p<0.5) 
‡‡ nonsignificant correlation 
 

3.2.5 Clonogenic culture assays 
The establishment of clonogenic culture assays leads to an increase of both the 
absolute and relative number of tumour cells by clonogenic growth of tumour cells 
and simultaneous apoptosis of haematopoietic cells. Both short-term approaches (1 
to 2 weeks)(283;337;338) and long-term approaches of up to eight weeks (339) have 
been applied. Using these techniques, the sensitivity of detection methods like ICC 
and PCR following the enrichment of tumour cells could be increased. 
Technical difficulties, however, have prevented widespread application of clonogenic 
culture assays. Despite the use of several different culture media, multiplication of 
tumour cells in the absence of non-malignant cell growth stays 
difficult.(337;338;340)Additionally, this approach is very time consuming and only 
applicable in combination with other detection methods. These disadvantages reduce 
its value in the clinical setting. 
Regarding the prognostic significance, culture methods can be applied to measure 
the viability and clonogenic capacity of circulating tumour cells, and to evaluate the 
actual potency to survive and grow of pathogenetically relevant cell clones. Culture-
positive patients have been reported to have a significantly worse outcome than 
patients that have been classified tumour cell-negative by culture methods.(339;341) 
The use of clonogenic culture assays leads to an increased number of viable 
circulating tumour cells, which may be evaluated for diverse biological 
characteristics. Particularly chemosensitivity testing procedures and approaches to 
characterise phenotype and genotype of tumour cells may help to improve our 
understanding of tumour biology. 

3.3 Comparison of the different techniques 
As described above, mainly immunocytochemical techniques, but also molecular 
approaches, such as PCR and RT-PCR and flow cytometry have been used for the 
detection of MRD in peripheral blood. Different studies have reported detection rates 
for circulating tumour cells in the peripheral blood in the range of 0.6 % to 
100%.(271;284;286-290) This immense range of incidence in the different trials is 
paralleled, and probably caused, by the diversity of detection methods. 
However, most recent reports providing a reasonably low detection rate in healthy 
donors, result in a detection rate of  30% to 50% in patients with metastatic disease 
both with immunocytochemical (286;288;289;297;305) and molecular 
techniques.(312;313;320;321;323;325;331;332) With multimolecular assays, some 
authors tested about 70% of peripheral blood specimens tumour cell 
positive.(314;317) Few data exists in the adjuvant setting or during recurrence free 
follow-up indicating a lower incidence of circulating tumour cells of 7% to 39% in 
these patients.(275;304-306;313;332) 
In conclusion, sensitivity and detection rates are increased in trials using flow 
cytometry and molecular techniques. On the other hand, only immunocytochemical 
detection methods include the morphological evaluation of the cells. Considering the 
clinical relevance of these findings, many questions are still unsolved. The number of 
circulating tumour cells seems to be influenced by tumorbiological factors, such as 
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timing of the examination and tumour stage. Several studies reported tumour cells in 
the blood of up to 100% of patients at primary diagnosis, whereas after the 
completion of the primary treatment the number of circulating cells dropped 
rapidly.(271) Furthermore, tumour cells are mobilised from the bone marrow by 
chemotherapy or application of granulocyte colony-stimulating factors.(285) In some 
studies, using ICC, PCR and flow cytometry, the detection rate and the number of 
circulating tumour cells correlated with the stage of disease.(274;275;284;320;335) 
Furthermore, some more recent data indicates a potential prognostic relevance of 
circulating tumour cells.(297;305;330;332) 
In conclusion, the detection of tumour cells in the peripheral blood might be a 
convenient method with little invasivity to help clinicians estimate the risk for relapse 
and monitor treatment efficacy, which might lead to more individualised therapy 
concepts. However, further studies, particularly in the adjuvant setting, are needed to 
explore the prognostic and predictive relevance of circulating tumour cells in the 
peripheral blood of breast cancer patients. 
 

3.4 Additional Therapy Monitoring in Peripheral Blood 
It is generally accepted, that regular and careful follow-up for patients with breast 
cancer is part of overall cancer care. However, strategies for time intervals and 
diagnostic procedures are discussed controversially. At present, large scale data 
from prospective randomized trials or evidence-based criteria are missing for most 
procedures applied. As a consequence, a clinically orientated follow-up program is 
proposed. This program encompasses individualization of care with an informative, 
detailed and structured talk and a clinically directed exam. The detection of clinical 
signs and symptoms leads to further diagnostic procedures. Thus, follow-up up care 
is divided into a general and a specific part. The latter summarizes organ-specific 
symptoms, frequencies and nature of exams, integrating early cancer detection for 
other cancer types.(342)  

Figure 31 Follow-up schedule according to the AGO 
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Correspondingly to the recommendations of the AGO (Arbeitsgemeinschaft 
Gynäkologische Onkologie), the latest update of the ASCO Breast Cancer 
Surveillance Guidelines focuses on a clinically oriented follow-up, containing careful 
history, physical examination and breast self-examination, mammography, pelvic 
examination, patient education regarding symptoms of recurrence and a good 
coordination of care.(343)   

3.4.1 Recommended Breast Cancer Surveillance according to 1998 
American Society of Clinical Oncology Breast Cancer Surveillance 
Guidleines Summary 

History/Eliciting of Symptoms 
All women should have a careful history every 3 to 6 months for the first 3 years after 
primary therapy, then every 6 to 12 months for the next 2 years, and then annually. 
 
Physical Examination 
All women should have a careful physical examination every 3 to 6 months for the 
first 3 years, then every 6 to 12 months for the next 2 years, and then annually. 
 
Breast Self-Examination 
It is prudent to recommend that all women perform monthly breast self-examination. 
 
Mammography 
It is prudent to recommend that all women with a prior diagnosis of breast cancer 
have yearly mammographic evaluation.Women treated with breast-conserving 
therapy should have their first posttreatment mammogram 6 months after completion 
of radiotherapy, then annually or as indicated for surveillance of abnormalities. If 
stability of mammographic findings is achieved, mammography can be performed 
yearly thereafter. 
 
Patient Education Regarding Symptoms of Recurrence 
Since the majority of recurrences occur between scheduled visits, it is prudent to 
inform women about symptoms of recurrence. 
 
Coordination of Care 
The majority of breast cancer recurrences will have occurred within the first 5 years 
after primary therapy. Subsequent care of the patient following primary treatment 
should be coordinated and not duplicated. In addition, continuity of care should be 
encouraged and conducted by a physician experienced in the surveillance of cancer 
patients and in the examination of women with both irradiated and normal 
contralateral breasts. 
Pelvic Examination 
It is prudent to recommend that all women have a pelvic examination at regular 
intervals. Longer intervals may be appropriate for women who have had a total 
abdominal hysterectomy and oophorectomy. 
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3.4.2 Breast Cancer Surveillance Testing – not recommended by ASCO 
Complete Blood Cell Count 
The data are insufficient to suggest the routine use of complete blood cell counts. 
 
Automated Chemistry Studies 
The data are insufficient to suggest the routine use of automated chemistry 
studies.Automated chemistry studies include liver and renal function tests and 
protein, albumin, and calcium level studies. 
 
Chest Roentgenography 
The data are insufficient to suggest the routine use of chest radiographs. 
 
Bone Scan 
The data are insufficient to suggest the routine use of bone scans. 
 
Ultrasound of the Liver 
The data are insufficient to suggest the routine use of liver ultrasounds. 
 
Computed Tomography 
The data are insufficient to suggest the routine use of computed tomography. 
 
Breast Cancer Tumor Marker CA 15-3 
The routine use of the CA 15-3 tumor marker for breast cancer surveillance is not 
recommended. 
 
Breast Cancer TumorMarker Carcinoembryonic Antigen (CEA) 
The routine use of the tumor marker CEA for breast cancer surveillance is not 
recommended. 
 
Breast Cancer Tumor Marker Ca 27.29 
The routine use of the tumor marker Ca 27.29 for breast cancer surveillance is not 
recommended. 

 
Due to insufficient data, none of these guidelines included the routine use of 
laboratory tests, e.g. blood cell counts, blood chemistry, and various tumor markers 
or a intensified follow-up with chest radiographies, bone scan, liver ultrasound or 
computed tomography. As sufficiently sized randomized studies are not available at 
the moment, these procedures can not be recommend for routine clinical use at 
present.  
Multiple studies have shown a correlation of Ca 15-3 with the stage of disease.(344) 
The incidence of elevated MUC1 antibodies (Ca 15-3, Ca549, MCA) in the literature 
ranges from 5% to 30%, 15% to 50%, 60% to 70%, and 65% to 90% for breast 
cancer stages I, II, III, and IV, respectively.(345) In distant metastatic disease, 
elevated levels for CEA are reported in 64% of patients, for CA15-3 in 75% of 
patients and for CA27-29 in 81% of patients.(346) Corresponding the high rates of 
positivity for CA27-29, a recent report directly comparing CA 15-3 and CA27-29 in 
603 breast cancer patients and 194 healthy controls suggested an increased 
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sensitivity of 55% for the latter marker, even in all population subgroups studied.(347) 
Additionally, an excellent correlation was found between the two markers.  
 Three studies have been published between 1995 to 1997, to report a earlier 
detection of distant metastases with a lead time of five to six months applying tumor 
marker surveillance.(348) One controlled, prospective clinical trial evaluated Ca 
27.29 antigen, the MUC-1 gene product in serum, for its ability to predict relapse in 
stage II and stage III breast cancer patients.(348) 166 patients with early breast 
cancer (stage II and III) were serially tested for Ca 27.29 antigen levels during 
recurrence-free follow-up after completion of primary therapy. Patients with two 
consecutive Ca 27.29 antigen test results above the upper limit of normal were 
considered positive. This trial showed a sensitivity of 57.7% and a specificity of 
97.9% for Ca 27.29, while the positive predictive value was 83.3%, and the negative 
predictive value 92.6%. Multivariate analysis revealed Ca 27.29 as a positive 
predictive value for subsequent disease recurrence, both for distant and locoregional 
disease. Ca 27.29 could predict recurrences an average of 5.3 months before other 
symptoms or tests. However, an impact on disease-free or overall survival could not 
be demonstrated. Another study evaluating CA15.3 in 362 node-negative patients 
confirmed this marker as a significant predictor of recurrence-free survival in 
multivariate analysis.(349) 
However, the surveillance of breast cancer patients by tumor markers shows several 
pitfalls. Despite a reliable correlation with stage, low marker levels do not exclude 
metastatic disease, and there is a relevant false positive rate for all markers. The 
ASCO Tumor Marker Panel summarized 15 studies on 1.141 patients and a 
elevation of CEA in 50% of patients with breast cancer UICC IV and a false positive 
rate of 12%, whereas CA 15-3 (7 studies, n=1.672) was elevated in 67% of patients 
with UICC IV disease with a false positive rate of 8%.(350) 
Preliminary data for the potential value of tumor markers for assessing response in 
metastatic disease are available, but further clinical evaluation is required. In a study 
on patients with advanced disease, patients with progressive disease had a median 
increase of CA27.29 levels of 32%, whereas patients with stable or regressing 
disease had a median decrease of 19%.(351) Among 43 patients with CA 27.29 
levels increased 20% or more, progressive disease was confirmed in 33 patients. 
Further studies are required to determine whether the proposed greater sensitivity of 
the CA 27.29 assay will allow earlier determination of disease progression or will be 
achieved at the price of decreased specificity in the metastatic disease setting. The 
ASCO Panel concluded in view of the present data, that the routine use of CEA for 
monitoring response of metastatic disease to treatment is not recommended. 
However, in the absence of readily measurable disease, or an elevated MUC-1 
marker (CA 15-3 and/or CA 27.29), a rising CEA may be used to suggest treatment 
failure. 
Before implementing tumor markers in routine clinical use, it has to be considered, 
that low sensitivity and specificity of the assays require further clinical evaluation, 
increasing costs of health care significantly. Furthermore, fluctuation of values 
hampers interpretation in the single breast cancer patient. And, above all, so far no 
benefit in respect to an increased disease-free and overall survival could be 
demonstrated in sufficiently powered trials. Therefore, the recent update of the ASCO 
Recommendations for the use of Tumor Markers in Breast Cancer concluded, that 
present data is insufficient to recommend Ca 15-3, Ca 27.29 and CEA for screening, 
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diagnosis, staging or surveillance after primary treatment in routine clinical use.(350)  
 
Another approach to intensified surveillance are follow-up strategies involving 
additional radiological and laboratory tests. Two prospectively randomized trials on 
2563 women with early breast cancer were conducted, comparing women follow-up 
based on clinical visits and mammography with a more intensive scheme including 
radiological and laboratory tests,. The Italian National Research Council Project 
randomized 1.243 patients to conventional follow-up with medical history, physical 
examination and mammography compared to follow-up additionally including chest x-
ray and bone scan. 112 pulmonary and 71 osseous events occurred during the 
study. Disease-free survival after 5 years amounted to 64.8% in the intensified group, 
compared to 71% in the conventional follow-up group. No difference could be found 
in overall survival with 18.6% and 19.5% after 5 years, respectively.(352) Another 
study on 1.320 patients additionally added evaluation of Alkaline Phosphatase, γ-
GT,chest x-ray, liver ultrasound and bone scan in the intensified follow-up group. 
Metastatic disease was detected in 31% of patients in the intensified group versus 
21% in the conventional group, before clinical symptoms occurred. As in the previous 
trial, no difference in overall survival could be found.(353) In an Cochrane analysis of 
both trials, no significant differences in overall survival (hazard ratio 0.96, 95% 
confidence interval 0.80 to 1.15) or disease-free survival (hazard ratio 0.84, 95% 
confidence interval 0.71 to 1.00) emerged after pooling the data. No differences in 
overall survival and disease-free survival emerged in subgroup analyses according to 
patient age, tumour size and lymph node status before primary treatment.(354)  
 
Another possibility improving surveillance in breast cancer, might be to concentrate 
follow-up in specialized oncological centers. In one trial, 296 with breast cancer in 
remission were randomized to continuously specialist follow-up or follow-up by their 
own general practitioners in primary care. Surprisingly, primary care follow-up was 
not associated with a delay in diagnosing recurrence, nor with an increase in anxiety 
or deterioration in health-related quality of life.(355) The study also found that 69% of 
recurrences presented between follow-up visits and almost half of the recurrences in 
the specialist group presented first to the general practitioner. Despite the lack of 
clinical benefit from specialized care, an economic evaluation in this trial showed 
lower costs in primary care in contrast to specialized care (10.488 vs. £30.109£) 
Process measures of the quality of care, however, such as frequency and length of 
visits were superior in primary care. These results were confirmed by another 
randomized study on 196 patients comparing regularly scheduled follow-up visits to 
less frequent visits restricted to the time of mammography. No significant differences 
emerged in interim use of telephone and frequency of general practitioners 
consultations.(356)  
 
Though most trials could demonstrate an earlier detection of metastases by an 
intensified follow-up, this lead time benefit could not be translated into an overall 
survival advantage in these patients. On the contrary, intensified follow-up resulted in 
a shortened disease-free survival. Furthermore, intensified follow-up is associated 
with reduced quality of life for the patients, as a consequence of the permanent 
confrontation with the disease and multiple diagnostic examinations. Consequently, 
follow-up programs based on the present guidelines, including regular physical 
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examinations and yearly mammography alone, appear to be as effective as more 
intensive approaches based on regular performance of laboratory and instrumental 
tests in terms of timeliness of recurrence detection, overall survival and quality of life. 
However, most of the studies included relatively small patient numbers, who received 
therapy according to the treatment guidelines at study entry. Since then, many more 
extremely effective agents have been developed. Therefore, sufficiently powered 
prospective trials including these new agents are urgently needed. 
 

3.5 Translational Research Program to be conducted within 
Success 

3.5.1 Detection of circulating tumor cells in peripheral blood 

3.5.1.1 Detection of circulating tumor cells in peripheral blood by 
immunocytochemistry 

The method for tumor cell detection in peripheral blood by immunocytochemistry, will 
be primarily used in this study, has been published recently.(297) Briefly, blood 
samples will be drawn into EDTA tubes to which a cell preservative was added.(357) 
The CellSearch™ System (Veridex, LLC, USA) will be used for the isolation and 
enumeration of isolated tumor cells. It consists of a standardized, semiautomated 
system for the preparation of blood samples used in combination with the 
CellSearch™ Epithelial Cell Kit. By adhesion to antibody-coated magnetic beads 
tumor cells expressing the epithelial-cell adhesion molecule will be enriched 
immunomagnetically, and subsequently labelled with the fluorescent nucleic acid dye 
4,2-diamidino- 2-phenylindole dihydrochloride. Fluorescently labelled monoclonal 
antibodies specific for leukocytes (CD45–allophycocyan) and epithelial cells 
(cytokeratin 8,18,19–phycoerythrin) are used to distinguish epithelial cells from 
leukocytes. The identification and enumeration of isolated tumor cells are performed 
with the use of the CellSpotter™ Analyzer, a semiautomated fluorescence-based 
microscopy system that permits computer-generated reconstruction of cellular 
images. Nucleated cells lacking CD45 and expressing cytokeratin will be defined as 
tumor cells. Morphologic criteria are omitted and determination of tumor cell positivity 
relies only on the immunocytochemical staining of cells. A recent analysis has shown 
good accuracy, precision, linearity, and reproducibility of the system.(358)  
3.5.1.2 Detection of circulating tumor cells in peripheral blood by flow-

cytometry 

Furthermore, immunocytochemical detection of circulating tumor cells will be 
compared to flow-cytometry. Mononuclear cells will be enriched by gradient 
centrifugation (OncoQuick®). Blood components are separated from mononuclear 
cells according to different densities and by a porous barrier, with the denser blood 
components migrating into the lower compartment of the tube. Centrifugation tubes 
will be filled with blood and centrifuged at 1600g for 20 min at 4°C. The porous 
barrier prevents a contamination of the separated mononuclear cells from the fraction 
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of blood cells. Validation studies have shown, that up to one tumor cell in 20 ml blood 
can be enriched via OncoQuick®. OncoQuick® centrifugation results in about 600fold 
enrichment of mononuclear cells and a depletion factor of 3.8. Mean tumor cell 
recovery rates were 87%.(281;282;359;360) In addition to the weight-specific 
enrichment by OncoQuick®, we will test an immunomagnetic approach of antigen-
specific enrichment. The commercially available MACS®-system will use antibodies, 
linked to small paramagnetic beads, with an affinity for breast cancer cells. Thus 
marked cells can then be selected with a powerful magnet. We will use beads linked 
to the antiepithelial antibody Ep-CAM for positive selection.  
Multiparameter flow cytometry has been used to detect breast cancer tumor cells in 
sentinel lymphnodes (361), bone marrow (362) and peripheral blood (363). Flow 
cytometry uses the principles of light scattering, light excitation, and emission of 
fluorochrome molecules to generate specific multiparameter data from particles and 
cells in the size range of 0.5µm to 40µm diameter. Cells are hydro-dynamically 
focused in a sheath of PBS before intercepting focused Laser-beams. Thus 
fluorochromes bound to monoclonal antibodies (mAbs) will emit light of a 
characteristic wavelength allowing an assessment of antigen expression on each 
individual cell. Light-emission characteristics are analyzed by special software that is 
able to distinguish multiple parameters. In our protocol, mAbs specific for CD45, 
Cytokeratin-18 (CK) and Thomsen-Friedenreich –Antigen (TF) will be used to 
exclude leukocytes (CD45+), while simultaneously selecting breast cancer cells (CK+ 
and TF+). To reduce contamination-effects by fluorescing debris, CD45-/CK+/TF+ cells 
are then assessed for morphological characteristics by their light-scattering-pattern 
adding information about size and granularity of detected cancer cells. Using a digital 
six-color flow cytometer (such as FACSCanto®, Becton-Dickinson, Heidelberg) one 
can add up to three further mAbs depending on scientific interest. Detection rates as 
low as 10-7 (i.e. 1 cancer cell in 10000000 blood cells) were reported using similar 
protocols with multiple CK-mAbs(364). A recent study using only CK-18 and DNA–
aneuploidity as cancer specific markers was able to reach similar results leaving 
room for four other markers of tumor cell characterisation (365). 

3.5.2 Detection of tumor markers 

We will evaluate the clinical benefit of the Muc1- gene derived glycoprotein CA 27.29 
(TOSOH AIA PACK 27.29, Tosoh Bioscience), for the early detection of metastases. 
MUC1 gene codes for a large mucin glycoprotein that is expressed in most glandular 
epithelia. In malignant cells, Muc1 is overexpressed on the entire cell surface and 
shed into the circulation, making it potentially useful as a tumor marker in peripheral 
blood. A competitive immunoassay is used for the detection of CA 27.29, a specific 
part of the MUC1 coded glycoprotein. The labeled antibody binds to an 8-amino acid 
sequence, which corresponds to amino acids Ser-Ala-Pro-Asp-Thr-Arg-Pro-Ala. The 
combination of the labeled B27.29 antibody and the solidphase antigen purified from 
breast cancer cells forms a competitive assay with a decreasing exponential dose-
response 
curve.(366) 
 

3.5.3 Association of genomic variability with antitumor efficacy and 
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systemic toxicity 

Significant variability in the antitumor efficacy and systemic toxicity of Docetaxel, 
Gemcitabine, Epirubicin and Cyclophosphamide has been observed in cancer 
patients. However only few tools are known to predict either antitumor efficacy or 
adverse events. Gene expression profiles delivered an insight into the possibilities of 
prognostic and predictive statements by the analysis of tumor attribute.(367;368) But 
handling of frozen tissues requires an adequate infrastructure and analysis is costly. 
As a part of Pharmacogenomics, the examination of single nucleotide polymorphisms 
(SNPs) could deliver information about the antitumor efficacy and systemic toxiticity 
based on the rationale of interindividual different drug metabolism and genomic 
variability. As well for Docetaxel as for Gemcitabine and Epirubicin metabolizing 
enzymes are known. The genetic variability of the coding genes results in different 
metabolizing activities of these enzymes, which could be the reason for 
interindividual different effects of the chemotherapy.  
Different Cytochrome P450 enzymes account for the metabolism of Docetaxel. 
CYP3A4 accounts for the hydroxylation of Docetaxel(369) and variations of the multi 
drug resistance gene 1 (MDR1) and CYP 3A5 are discussed to be associated with 
interindividual pharmacokinetics of Docetaxel(370). Some SNPs of Docetaxel 
metabolizing enzymes have been associated with altered enzyme activity.(371)  
The detoxification of Epirubicin is mainly processed by the UDP-
glucuronosyltransferase 2B7 (UGT2B7).(372) Several SNPs of the UGT2B7 are 
already described.(373-376) 
Gemcitabine metabolic enzymes were examined in an European and African 
population.(377) For eight genes SNPs could be identified in this study. These genes 
code for enzymes like the Deoxycytidine kinase, the Cytidine deaminase, the 
Deoxycytidine monophosphate deaminase, Proteins of the Solute carrier family 28, 
the DNA polymerase alpha and the Thymidylate synthase.(377)  
Cyclophosphamide is metabolized mainly by enzymes of the Cytochrome P450-
family as well. CYP2B6 is an enzyme, which activates Cyclophosphamide(378) and 
for which some genetic variations are known.(379;380) Up to now  pharmacogenetic 
variations, that have been significantly associated with drug response, were seen in 
at least two studies. Several studies revealed interindividual difference of systemic 
toxicity.(381)   
Concerning recurrence the expression of some genes has been associated with 
prognosis. Genes of proliferation, invasion and signal transduction were validated to 
quantify the risk of distant recurrence of breast cancer.(382) Some of the genes 
encode for an amino-acid change as described in the dbSNP of the National Cancer 
Institute (http://www.ncbi.nlm.nih.gov/projects/SNP). 
Most of the studies have sample sizes of fewer than 100 subjects. 3 studies have 
sample sizes of more than 500. This study is the first study to integrate the analysis 
of genetic variability into a prospective study.  
For the DNA-examination a 8,5 ml blood sample is drawn into a CPDA (Citrat-
Phosphat-Dextrose-Adenin)-Monovette®. DNA is extracted from Leukocytes after 
centrifugation.  
The SNP-analysis is done by RT-PCR (realtime-PCR) using the ABI PRISM® 7000 
Sequence Detection System (Applied Biosystems, Foster City). Blood should be 
collected at the time of randomisation and then be sent to the address mentioned 
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below.   

3.5.4 Characterization of genetic alterations in peripheral blood of 

breast cancer patients 

The development of breast carcinomas and other solid malignancies is associated 
with numerous genetic alterations that accumulate during tumor growth and disease 
progression.(383) Allelic loss (LOH) and microsatellite instability (MSI) are reported to 
be early events in primary breast tumors and often occur with additional frequency in 
metastases  DNA deletions at specific chromosomal loci in tumors lead to inactivation 
of growth-regulating and tumor-suppressing genes and thereby to immortalization of 
tumor cells.(384) Increased concentrations of extracellular DNA are detected in the 
blood of many cancer patients, whereas only small amounts of free circulating DNA 
are found in healthy individuals.(385;386) LOH can also be identified in circulating 
DNA detectable in the serum or plasma of patients with various forms of cancer 

including carcinoma of the breast, lung, kidney, gastrointestinal tract, and head and 
neck regions as well as melanoma.(386-390) The publications have shown that 
identification and characterization of tumor-specific alterations of extracellular DNA in 
body fluids, as blood and urine, might be of clinical utility and contribute to the 
understanding of the pathogenesis of cancer.  
In the year 1947, the occurrence of circulating nucleic acids in plasma and serum 
was described for the first time. Thirty years later, the concentration of the free, 
circulating DNA in blood of tumor patients could be shown to be significantly 
increased using radioimmuno assays.(391) DNA concentrations of 180 ng/ml serum 
could be detected in tumor patients, compared with 23 ng/ml serum of healthy 
individuals. In the year 1987, Stroun et al. demonstrated that tumor cells deliver their 
DNA into the blood circulation.(392) The DNA levels in blood of patients with 
metastasic disease were found to be about twice higher than of patients with primary 
tumors referring to a possible correlation with progression of cancer. A correlation of 
genetic aberrations of the primary tumor with alterations of the circulating DNA in 
blood could also be observed. However, the origin of circulating nucleic acids in 
blood is not yet completely clarified. However, free, extracellular DNA is thought to be 
derived from apoptotic or necrotic cells and is released into the blood circulation early 

during the formation of a primary tumor.(385)  
3.5.4.1 Methods for the detection of genomic alterations 

Genomic DNA is extracted from plasma and leukocytes of patients with breast 
cancer using a QIAmp DNA Mini Kit (Qiagen, Hilden, Germany) and quantified by 
spectrophotometry. Leukocyte DNA of the corresponding patients serves as 
reference DNA. PCR is performed using 10 ng of DNA and specific fluorescence 
labeled microsatellite marker sets (e.g. TAM, FAM, HEX). A panel of suitable 
microsatellite marker sets was already tested for the analyses of LOH and MSI as 
tumor marker in our plasma/serum DNA assay. These 9 microsatellite markers: 
D3S1255 (3p23), D9S171 (9p21-22), D10S215 (10q22-23), D10S1765 (10q23.3), 
D13S218, (13q12-14), D16S421 (16q22-23) D17S250 (17q11.2-12), D17S855 
(17q21) and TP53.6, (17p13.1) showed a high incidence of LOH in previous studies. 
As specified in the above parentheses, the markers are localized on different regions 
of the chromosomes 3, 9, 10, 13, 16 and 17. 
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For the analysis of the labeled PCR products capillary electrophoresis is performed 
on an automated Genetic Analyzer (Applied Biosystem). Results are computed as 
diagrams and the peaks are calculated using the Gene Scan analysis software. To 
identify possible associations between detected molecular alterations (LOH and MSI) 
and clinical pathological features the data are evaluated independently and in 
combination with each microsatellite. 
An additionally established technique to analyze the PCR products is the gel 
electrophoresis. The amplified products are separated on a 15% non-denaturating 
polyacrylamide gel and are visualized by silver staining (Bio-Rad Laboratories GmbH, 
Munich, Germany). The alleles are quantified by densitometric scanning of the 
stained bands using the software NIH Image 1.62. LOH is assigned when the 
intensity ratio of one of the bands representing the tumor sample alleles differed by 
50% from bands of the alleles of normal blood leukocytes from the same patient used 
as internal control. Microsatellite instability is defined as the presence of additional 
bands in the tumor DNA.  
3.5.4.2 Previous results of genomic alterations 

Leukocyte (reference) and plasma DNA of a patient with breast cancer were isolated 
and the validity of our marker panel was tested. Fig. 1 shows a data evaluation of the 
PCR products amplified with the markers D17S250 and D17S855. The sense primer 
(5`) is fluorescence-labeled at the 5`end. The fluorescent PCR products were 
separated by a capillary electrophoresis on an automated Genetic Analyzer and the 
evaluation of the peaks was carried out by the Gene Scan Software. 
In Fig.1, the length of the base pairs is shown on the abscissa while the ordinate 
demonstrates the registered fluorescence, represented as the height of the peaks 
corresponding to the quantity of PCR products. The right peak of the serum DNA is 
clearly smaller than that of the leukocyte sample, which points to a LOH. The 
occurrence of LOH could be confirmed by the division of the peaks represented in 
the diagram according to the manual to the fragment analysis 
 
 

 
 

Figure 32: PCR with the fluorescence-labeled primers D17S250 und 

D17S855  
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3.5.5 Peripheral Blood Sampling 

At four predefined time points during treatment 50 ml of peripheral blood will be 
drawn and collected in tubes, provided by the study office. The predefined time 
points are the following: 

• Before the start of chemotherapy 
• After completion of chemotherapy, before the start of endocrine and 

zoledronate treatment 
• Two years after completion of chemotherapy 
• Five years after completion of chemotherapy 

 
TRAxyz 

 
The blood samples will be examined for the following markers: 

1. Tumor marker CA 27.29 
2. Detection of isolated tumor cells, by immunocytochemistry and flow cytometry 
3. Additional translational research questions, which will be appropriate to 

investigate the question of persisting minimal residual disease.  
 

The probe has to be sent immediately by mail to: 

 

I. Frauenklinik, Klinikum Innenstadt 
Tumorimmunologisches Labor 

C/o Dr. B. Rack/ S. Hofmann 
Maistr. 11 

D-80337 München 
Phone: +49-8951604239 

Fax: +49-8951604339 
 

Blood tubes and further material for blood sampling and labeling will be provided and 
can be ordered via the Success study office. Please note that blood samples should 
be stored at room temperature. Please avoid performing blood sampling on Friday or 
the day before a public holiday to ensure quick processing. 
 
The investigator will be informed of the results of the blood tests.  
Positive MRD screening in this study will be defined as either the detection of 
isolated tumor cells in peripheral blood (1.) or of tumor marker elevation exceeding 
two fold the normal range (2.). 
  
If the screening is positive in one blood sample, a second, additional sample should 
be drawn after 3 months.  
 
If MRD screening will be positive in two subsequent tests, we advise an intensified 
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metastases screening for the duration of 6 months. Intensified metastases screening 
should include clinical examination as well as chest radiography, ultrasonography of 
the liver and bone scan every three months. Aim of this procedure is the earlier 
detection of tumor recurrence, ensuring an adequate treatment after the detection of 
metastases as soon as possible. Therapeutic consequences, however, should only 
be conducted in case of relapse detected by conventional techniques, and are at the 
discretion of the responsible physician in charge.  
 
 

4 Objectives 

4.1 Primary Objective 
The primary objective of this study is to compare the disease free survival after 
randomisation in patients treated with 3 cycles of Epirubicin-Fluorouracil-
Cyclophosphamide(FEC)-chemotherapy, followed by 3 cycles of Docetaxel(D)-
chemotherapy versus 3 cycles of Epirubicin-Fluorouracil-Cyclophosphamide(FEC), 
followed by 3 cycles of Gemcitabine-Docetaxel(DG)-chemotherapy,and to compare 
the disease free survival after randomisation in patients treated with 2 years of 
Zoledronate versus 5 years of Zoledronate. 
 

4.2 Secondary Objectives 
The secondary objectives of this study are to compare the following items in the four 
regimen arms: 
• Overall survival time after randomization 
• Distant disease free survival 
• Toxicity 
• Changes in quality of life over time as defined by EORTC QLQ-C30 and QLQ-
BR23 questionnaire  
• Skeletal related events 
• Incidence of secondary primaries 
• Endpoints of adjunct translational research program 
 
 

4.3 Additional Scientific Objectives 
• The predictive and prognostic value of MRD surveillance as defined in the 
relevant section of this protocol 
• The predictive and prognostic value of additional surveillance markers as defined 
in the relevant section of this protocol 
• Evaluation of genomic alterations in respect to tumor biology, treatment efficacy 
and systemic toxicity of antitumor agents. 
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5 Investigational Plan 

5.1 Summary of Study Design 
This is an open-label, multicenter, 2x2 factorial design, randomized controlled, Phase 
III study comparing the disease free survival after randomisation in patients treated 
with 3 cycles of Epirubicin-Fluorouracil-Cyclophosphamide(FEC)-chemotherapy, 
followed by 3 cycles of Docetaxel(D)-chemotherapy versus 3 cycles of Epirubicin-
Fluorouracil-Cyclophosphamide(FEC), followed by 3 cycles of Gemcitabine-
Docetaxel(DG)-chemotherapy, and to compare the disease free survival after 
randomisation in patients treated with 2 years of Zoledronate versus 5 years of 
Zoledronate in patients with early primary breast cancer. Patients will be required to 
have histopathological proof of axillary lymph node metastases (pN1-3) or high risk 
node negative, defined as: ‘pT≥2 or histopathological grade 3, or age ≤ 35 or 
negative hormone receptor’, but are not allowed to have evidence of distant disease. 
Patients will have to be entered into the study no later than 6 weeks after complete 
resection of the primary tumor. No other antineoplastic treatment other than surgical 
treatment, the defined cytotoxic and endocrine treatment and radiotherapy will be 
allowed prior to study entry and during the course of the study. 
After surgery, leading to R0 resection of the invasive and intraductal components of 
the primary tumor, patients will be randomized to one of the following treatments: 

First randomization A 
AA: 3 cycles of 5-Fluorouracil 500 mg/m² i.v. body surface area and Epirubicin 

100 mg/m² i.v. and Cyclophosphamide 500 mg/m² i.v., (FEC100), each 
administered on day 1, repeated on day 22, subsequently followed by 3 
cycles of Docetaxel 75 mg/m² body surface area i.v. (D), and Gemcitabine 
1000 mg/m² i.v. (30 min infusion) (G), administered on day 1, followed by 
Gemcitabine 1000 mg/m² i.v. (30 min infusion) on day 8, repeated on day 
22 

AB: 3 cycles of 5-Fluorouracil 500 mg/m² i.v. body surface area and Epirubicin 
100 mg/m² i.v. and Cyclophosphamide 500 mg/m² i.v., (FEC100), each 
administered on day 1, repeated on day 22, subsequently followed by 3 
cycles of Docetaxel 100 mg/m² body surface area i.v. (D), administered on 
day 1, repeated on day 22 

 
Second  randomization B 

BA: Zoledronic acid 4 mg i.v., every 3 months for the duration of two years, 
subsequently followed by zoledronic acid 4 mg i.v., every 6 months for the 
duration of additional three years  

BB: Zoledronic acid 4 mg i.v., every 3 months for the duration of two years 
 
During the zoledronic acid treatment period, patients will receive 500 mg Calcium 
p.o. qid and 400 i.E. Vitamin D p.o. qid. 
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Patients with positive hormone receptor status (≥ 10 % positively stained cells for 
estrogen and/or progesterone) of the primary tumor will receive tamoxifen treatment 
20 mg p.o. per day for 2 years, after the end of chemotherapy. Postmenopausal 
patients with positive hormone receptor status will be treated subsequently with 
anastrozole (Arimidex®) 1 mg p.o. for additional 3 years, premenopausal patients will 
continue Tamoxifen treatment for additional 3 years. In case of contraindications 
against tamoxifen or severe adverse effect during the treatment with tamoxifen, 
anastrozole will be given before the end of the initial 2 years. In addition to tamoxifen, 
all patients with positive hormone receptor status of the primary tumor and under the 
age of 40 or restart of menstrual bleeding within 6 months after the completion of 
cytostatic treatment or with premenopausal hormone levels as defined below will 
receive goserelin (Zoladex®) 3.6 mg subcutaneously every 4 weeks over a period of 
2 years.(2;3) Premenopausal endocrine status will be assumed, if the following 
serum levelsare met: LH < 20 mIE/ml, FSH < 20 mIE/ml and E2 > 20 pg/ml. 
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Endocrine therapy will start after the end of chemotherapy. All patients with breast 
conserving therapy or at least 4 axillary lymph node metastases will receive adjuvant 
radiotherapy following the completion of the systemic cytotoxic treatment. If 
necessary to meet patients’ needs or for logistic reasons, the radiotherapy may also 
be administered intermittently following the completion of 50 % of the cytotoxic 
treatment. 

Each patient remains in the study until either the patient or the investigator determine 
discontinuation to patient’s best interest. The treatment has to be discontinued in any 
case of intolerable toxicity. 
Each patient’s treatment modality will be unknown until the time of randomization. 
Randomization will be stratified on the baseline prognostic variable of metastatic 
axillary lymph node involvement and the hormone receptor status of the primary 
tumor, histopathological grading, menopausal status, as well as the study center. 
For each factor the following strata will be formed: 
• Metastatic axillary lymph node involvement:  

• No evidence of metastatic axillary lymph nodes or unknown axillary status 
• 1-3 metastatic axillary lymph nodes 
• 4-9 metastatic axillary lymph nodes vs.  
• ≥ 10 metastatic axillary lymph nodes 

• Hormone receptor status (≥ 10 % positively stained cells for estrogen and/or 
progesterone) of the primary tumor:  

• negative vs.  
• positive 

• Histopathological grading: 
• G1 vs. 
• G 2-3 

• Menopausal status 
• Premenopausal 
• Postmenopausal 

• HER2-neu Status 
• Positive 
• Negative 
• Unknown 

 

Docetaxel medication for node negative patients will be provided by the manufacturer 
Sanofi-Aventis at his own cost. Zoledronic acid medication for all patients will be 
provided by the manufacturer Novartis at his own cost. Gemcitabine medication for 
all patients in treatment arm AB will be provided by the manufacturer Lilly at his own 
cost. 
Peripheral blood samples will be drawn from each patient before starting 
chemotherapy, after the completion of the chemotherapy, after 2 years of Tamoxifen 
treatment and after 5 years of endocrine treatment. In case of considerable risk for 
subsequent relapse, as defined in the relevant chapter of the translational research 
program, patients will be subjected to intensified follow-up, including chest x-ray, liver 
sonography and bone scan. 
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5.2 Discussion of Design and Control 
A 2x2 factorial design study without controls is appropriate for the goals of this study 
because all treatment regimes have been proven to be effective in the treatment of 
patients with breast cancer as described in the background section. There is no 
evidence that the treatment arms of the two randomization cause any conflict for the 
treatment of the other randomization. 
The study population has been restricted to patients with high-risk for relapse. The 
high risk for relapse in these patients is defined by evidence of axillary lymph nodes 
status or by additional tumor biological characteristic, as defined in the inclusion 
criteria. Because of the potential toxicity of therapy regimens, those patients with a 
low risk for recurrence will be excluded from the study.  
 

5.3 Investigator Information 
Physicians with a specialty in medical oncology or gynecological oncology will 
participate as investigators in this clinical trial. 
The names, titles, institutions and professional addresses of the investigators are 
listed in the appendix and in the Contracts for Protocol SUCCESS-Trial, provided 
with this protocol. 
If investigators are added after the trial has been approved by the Steering 
Committee, an ethical review committee or a regulatory agency, these updates will 
not be considered changes to the protocol, but rather to the Contracts for Protocol 
SUCCESS-Trial.  
 

5.3.1 Final Report Signature 
Prof. Dr. H. Sommer will serve as the final report coordinating investigators, and will 
sign the final clinical study report for this trial, indicating agreement with the analyses, 
results, and conclusions of the report. 
The study will be terminated, if one of the conditions for premature discontinuation, 
as described in the relevant chapter, is observed, or if all of the following criteria are 
met: 

• The minimum follow-up time after the last zoledronate application for all patients 
is at least 6 months 

• All patients have received the study medication, including zoledronate 
• The median follow-up time for all patients exceeds 45 months or 850 cancer 

associated deaths are noted. 
 

5.4 Study Population 

5.4.1 Entry Procedures 
An informed consent will be obtained from each patient after the nature of the study 
is explained. 
 
Invasive dental procedures should be avoided if possible during the study. However 
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for patients who develop ONJ or require dental procedures during the study, the 
patient may choose to continue or discontinue the study based on the individual risk 
benefit discussion with their physician. There is currently limited data to define 
whether discontinuation of bisphosphonate in these situations impact the outcome of 
ONJ or reduces the risk of developing ONJ after dental procedures. 
 
 

5.4.2 Criteria for Enrollment 
The terminology for the criteria for enrollment are defined as: 
 
Enter The act of obtaining informed consent for participation in a clinical study 

from individuals deemed potentially eligible to participate in the SUCCESS-
Trial. Individuals entered into the study are those for whom informed 
consent documents for the study have been signed by the potential study 
participants. 
Adverse events are reported for each individual who has entered the 
SUCCESS-Trial, even if the individual is never assigned to a treatment 
group. 

Enroll The act of assigning an individual to a treatment group. Individuals who are 
enrolled in the SUCCESS-Trial are those who have been assigned to a 
treatment group.  
A person who has been entered into the SUCCESS-Trial is potentially 
eligible to be enrolled in the study, but must meet all criteria for enrollment 
specified in the protocol before being enrolled (assigned to a treatment 
group). 
Individuals who are entered into the SUCCESS-Trial but fail to meet the 
criteria for enrollment are not eligible to participate in the study and will not 
be enrolled. 
Adverse events are reported for all individuals who have entered the study 
and all individuals who are enrolled in the SUCCESS-Trial (assigned to 
treatment groups). 

 
The numbering system used for inclusion and exclusion criteria provides a unique 
number for each criterion and allows for efficiency in data collection. 
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5.4.3 Inclusion Criteria 
Patients may be included in the study only if they meet all the following criteria: 
[1.] Primary epithelial invasive carcinoma of the breast pT1-4, pM0  
[2.] Histopathological proof of axillary lymph node metastases (pN1-3) or high risk 

pN0/NX, defined as: ‘pT ≥ 2 or histopathological grade 3 or age ≤ 35 or negative 
hormone receptor status’ 

[3.] Complete resection the primary tumor with margins of resection free of 
invasive carcinoma not more than 6 weeks ago 

[4.] Females ≥ 18 years of age 
[5.] Performance Status ≤ 2 on ECOG-Scale 
[6.] Adequate bone marrow reserve: leucocytes ≥ 3.0 x 109/l and platelets ≥ 100 x 

109/l 
[7.] Bilirubin within one fold of the reference laboratory’s normal range, ASAT 

(SGOT), ALAT (SGPT) and AP within 1,5 fold of the reference laboratory’s normal 
range for patients t 

[8.] Intention of regular follow-up visits for the duration of the study 
[9.] Ability to understand the nature of the study and to give written informed 

consent 
 

5.4.4 Exclusion Criteria 
Patients will be excluded from the study for any of the following reasons: 
[10.] Inflammatory breast cancer  
[11.] Previous or concomitant cytotoxic or other systemic antineoplastic treatment 

which is not part of or allowed within this study 
[12.] History of treatment or disease affecting bone metabolism (e.g., Paget’s 

disease, primary hyperparathyroidism) 
[13.] Prior treatment with bisphosphonates within the last 6 months 
[14.] Severe renal insufficiency as evidenced by creatinine clearance < 30 ml/min 

as calculated using the Cockcroft-Gault formula:  

CrCl: 
)/(*72
85,0*)(*)(140

dlmgCreatininSerum
kgweightyearsAge

−
−

 

[15.] Second primary malignancy (except in situ carcinoma of the cervix or 
adequately treated basal cell carcinoma of the skin) 

[16.] Cardiomyopathy with impaired ventricular function (NYHA > II), cardiac 
arrythmias influencing LVEF and requiring medication, history of myocardial 
infarction or angina pectoris within the last 6 months, or arterial hypertension not 
being controlled by medication 

[17.] Any known hypersensitivity against docetaxel, epirubicin, cyclophosphamide, 
fluorouracil, gemcitabine or any other medication included in the study protocol 

[18.] Use of any investigational agent within 3 weeks prior to inclusion 
[19.] Patients in pregnancy or breast feeding (in premenopausal women 

anticonception has to be assured: intra uterine devices, surgical methods of 
sterilization, or, in hormone unsensitive tumors only, oral, subcutaneous or 
transvaginal hormonal, non estrogen containing contraceptives) 

[20.] Current active dental problems including infection of the teeth or jawbone 
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(maxilla or mandibular); dental or fixture trauma, or a current or prior diagnosis of 
osteonecrosis of the jaw (ONJ), of exposed bone in the mouth, or of slow healing 
after dental procedures.  

[21.] Recent (within 6 weeks) or planned dental or jaw surgery (e.g.. extraction, 
implants) 

 

5.4.5 Violation of Criteria for Enrollment 
The criteria for enrollment must be followed explicitly. If there is an inadvertent 
enrollment of individuals who do not meet enrollment criteria, these individuals have 
to be discontinued from the study. Such individuals can remain in the study only if 
there are ethical reasons to have them continue. In these cases, the investigator 
must obtain approval from the sponsor for the study participant to continue in the 
study. 

5.4.6 Disease Diagnostic Criteria 
Patients will be required to have histopathological proof of epithelial breast cancer 
pT1-4 and proof of axillary lymph node metastases (pN1-3) or high risk node negative, 
defined as: ‘pT≥2 or histopathological grade 3, or age ≤ 35 or negative hormone 
receptor’. The complete resection of the primary tumor with margins of resection free 
of invasive carcinoma must be verified by histopathological examination. The 
estrogen receptor status has to be evaluated by immunohistochemistry scoring semi-
quantitatively the intensity of staining. Distant metastatic disease has to be excluded 
by chest x-ray, ultrasonography of the liver and whole body bone scan. 
Note that the AJCC TNM-Classification Breast Cancer 6th edition hast to be used as 
of July 1st 2003. The following paragraph summarizes the changes, compared to the 
previous edition of the classification system.(393) 

Summary of Changes AJCC TNM-Classification Breast Cancer 5th vs. 6th edition 
• Micrometastases are distinguished from isolated tumor cells on the basis of size 

and histologic evidence of malignant activity. 
• Identifiers have been added to indicate the use of sentinel lymph node dissection 

and immunohistochemical or molecular techniques. 
• Major classifications of lymph node status are designated according to the 

number of involved axillary lymph nodes as determined by routine hematoxylin 
and eosin staining (preferred method) or by immunohistochemical staining. 

• The classification of metastasis to the infra-clavicular lymph nodes has been 
added as N3. 

• Metastasis to the internal mammary nodes, based on the method of detection and 
the presence or absence of axillary nodal involvement, has been reclassified. 
Microscopic involvement of the internal mammary nodes detected by sentinel 
lymph node dissection using lymphoscintigraphy, but not by imaging studies or 
clinical examination, is classified as N1. Macroscopic involvement of the internal 
mammary nodes as detected by imaging studies (excluding lymphoscintigraphy) 
or by clinical examination is classified as N2 if it occurs in the absence of 
metastases to the axillary lymph nodes, or as N3 if t occurs in the presence of 
metastases to the axillary lymph nodes. 

• Metastasis to the supraclavicular lymph nodes has been reclassified as N3 rather 
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than M1. 
 

5.5 Patient Assignment 
All patients will be randomized to receive either 3 cycles of Epirubicin-Fluorouracil-
Cyclophosphamide(FEC)-chemotherapy, followed by 3 cycles of Docetaxel(D)-
chemotherapy or 3 cycles of Epirubicin-Fluorouracil-Cyclophosphamide(FEC), 
followed by 3 cycles of Gemcitabine-Docetaxel(DG)-chemotherapy, and 2 years of 
Zoledronate or 5 years of Zoledronate. Randomization will be stratified and 
performed as described previously. 
 

5.6 Dosage and Administration 
Accountability for the investigational products lies with the investigator. The 
investigator has the responsibility to explain the correct use of the investigational 
products and to check at appropriate intervals that each study participant is following 
instructions properly. 
 

5.6.1 Materials and Supplies 

5.6.1.1 Docetaxel 
Docetaxel is one of two currently available taxanes. Taxanes are a member of the 
plant alkaloid group, which also comprises vinca alkaloids and epipodophyllotoxins. 
The drug is derived from the Pacific yew (Taxus brevifolia). It functions by stabilizing 
microtubules and thereby preventing their disassembly. 
The incidence of treatment-related mortality associated with docetaxel therapy is 
increased in patients with abnormal liver function. Patients with elevations of bilirubin 
or abnormalities of transaminase concurrent with alkaline phosphatase are at 
increased risk for the development of grade 4 neutropenia, febrile neutropenia, 
infections, severe thrombocytopenia, severe stomatitis, severe skin toxicity and toxic 
death. For this reason, Bilirubin has to be within one fold of the reference laboratory’s 
normal range, ASAT (SGOT), ALAT (SGPT) and AP within 1,5 fold of the reference 
laboratory’s normal range for patients to be included into this study. 
Taxane infusions are frequently associated with hypersensitivity reactions manifested 
initially by hypotension, bronchospasm, and urticaria. The risk for hypersensitivity 
reactions seems to be lower in docetaxel than in paclitaxel. However, extensive 
premedication is advised in patients with a history or disposition for hypersensitivity 
reactions and significantly abrogate this problem. Bradyarrhythmias, especially AV 
block, atypical chest pain, and rarely more severe cardiac problems have also been 
associated with taxane infusions. Bone marrow suppression with neutropenia is the 
dose-limiting toxicity. For this reason, only patients with adequate bone marrow 
reserve (neutrophils ≥ 1.5 x 109/l and platelets ≥ 100 x 109/l) will be included into the 
study. Peripheral neuropathy with paresthesias in a glove-stocking distribution also is 
common. Peripheral neuropathy is only in part reversible and there is no advisable 
precaution to prevent this complication to date. Severe fluid retention occurs in 
approximately 6.5 % of the patients despite the use of a 3-day dexamethasone 
premedication, as planned with this protocol. The severe fluid retentions may 
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comprise poorly tolerated peripheral edema, generalized edema, pleural effusion 
requiring urgent drainage, dyspnoea at rest, cardiac tamponade, or pronounced 
abdominal distention due to ascites. Patients with pre-existing effusions should be 
closely monitored from the first dose for the possible exacerbation of the effusions. 
When fluid retention occurs, peripheral edema usually starts in the lower extremities 
and may become generalized with a median weight gain of 2 kg. Other toxicities 
include mucositis, myalgias, and alopecia.(394) 
 
5.6.1.2 Cyclophosphamide 
Cyclophosphamide is member of the alkylating agent family, one of the most widely 
used antitumor agents. These drugs lead to inhibition of DNA synthesis by forming 
covalent bonds with nucleic acids. Most alkylating agents are bifunctional and are 
efficient at cross-linking DNA with subsequent strand breakage and ultimately cell 
death. These agents add alkyl groups to the N-7 guanine in addition to other nitrogen 
or oxygen positions in adenine or cytidine. Although alkylation of DNA can occur at 
any phase of the cycle, cytotoxicity is greatest in those cells that are progressing 
through the cell cycle. Cyclophosphamide is only active after microsomal liver 
metabolism to 4-hydroxycyclophosphamide. It is further metabolized in peripheral 
tissues to phosphoramide mustard and to acrolein. 
The most common dose-limiting toxicity of cyclophosphamide is myelosuppression. 
The severity and duration varies with the individual drugs, but is moderate with 
cyclophosphamide. This agent is also quite emetogenic and requires extensive 
premedication as referred to in the relevant chapter of this protocol. 
Cyclophosphamide therapy may be complicated by hemorrhagic cystitis, believed to 
be due to the metabolite acrolein, which is excreted unchanged in the urine. 
Adequate hydration and administration of the bladder protectant mesna, as planned 
with this protocol, can prevent this complication. Cyclophosphamide is also 
associated with a syndrome of inappropriate antidiuresis due primarly to a distal renal 
tubular effect. Amenorrhea and ovarian atrophy, sometimes permanent, have been 
associated with alkylating agent therapy in women. Because of the possible 
resumption of normal menstrual cycles, which is inversely related to the age of the 
patient and the cumulative dose received, ovarian ablation has been included into 
this protocol for all patients under the age of 40. 
A serious long-term complication of alkylating agent chemotherapy is the 
development of secondary leukemias. In patients who have received an alkylating 
agent as part of combination chemotherapy, the incidence of secondary acute 
myeloid leukemia may be as high as 5 to 10 %. This data, however, originate from 
patients treated for lymphomas. In breast cancer patients the risk for the 
development of secondary leukemias is presumably lower because of lower doses of 
the alkylating agent and because of a lower baseline risk for leukemias in these 
patients compared to patients with lymphomas.(394) 
 
5.6.1.3 Fluorouracil 
5- Fluorouracil (5-FU) is a fluorinated pyrimidine-analogue antimetabolit. For 
cytotoxicity, fluorouracil requires intracellular activation to one of several metabolites. 
Fluordeoxyuridine monophosphate is a potent inhibitor of thymidylate synthase, an 
enzyme necessary for the synthesis of dTTP and ultimately DNA. Fluorouridine 
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triphosphate incorporates into RNA and interferes with its processing and function. 
Fluorodeoxyuridine triphosphate is incorporated into DNA and eventually leads to 
DNA strand breakage. The importance of each of these mechanisms to fluorouracil-
induced cytotoxicity has not been fully delineated. Studies suggest that tumor cells 
may be deficient in reduced folates, so leucovorin has been administered fluorouracil 
in an attempt to increase antitumor activity. 
Like most antimetabolites, fluorouracil’s toxicity is schedule dependent. With bolus 
infusion, bone marrow suppression predominates whereas with continuous infusion 
therapy gastrointestinal toxicity may be more limiting. For this reason, an infusion 
interval of 15 minutes has been decided for this study. Fluorouracil has been 
infrequently associated with myocardial ischemic syndrome characterized by chest 
pain, ECG and isoenzyme changes. For this reason, patients with cardiomyopathy 
and impaired ventricular function (NYHA > II), cardiac arrhythmias influencing LVEF 
and requiring medication, and patients with a history of myocardial infarction or 
angina pectoris within the last 6 months, or arterial hypertension not being controlled 
by medication will be excluded from this study. Neurological symptoms, usually 
reversible, have been reported that include headaches, cerebellar ataxia and 
somnolence. Dermatological complaints are not uncommon and include dermatitis, 
hyperpigmentation, and skin atrophy.(394) 
 
5.6.1.4 Epirubicin 
Epirubicin is member of the anthracycline group of antitumor antibiotics. The 
anthracyclines are cell-cycle active and phase nonspecific but have pleiotropic 
actions upon the cell. Although they are classic DNA intercalating agents, their 
mechanism of cytotoxicity is likely related to interaction with the enzyme 
topoisomerase II with production of double-stranded DNA breaks. Other data suggest 
that the anthracyclines undergo one- and two-electron reductions generating 
intracellular free radicals, particularly the hydroxyl radical, which is highly cytotoxic. 
Epirubicin is highly myelosuppressive. For this reason, only patients with adequate 
bone marrow reserve (neutrophils ≥ 1.5 x 109/l and platelets ≥ 100 x 109/l) will be 
included into the study. White cell and platelet count nadirs will occur 10 to 14 days 
after treatment. The anthracyclines cause gastrointestinal toxicity including acute 
nausea and vomiting and mucositis later. These agents are severe vesicants. 
Extravasations during infusion can lead to local tissue necrosis. In extreme cases 
skin grafting or even amputation may be required. For these reason, great caution as 
to the infusion sight should be given. The i.v. line has to be tested with saline 
infusions cautiously before administering epirubicin. Anthracyclines are cleared 
predominantly by liver metabolism. For this reason, SGOT, SGPT, Alkaline 
Phosphatase, Bilirubin, Albumin have to be within 1.5 fold of the reference 
laboratory’s normal range for patients to be included into this study. Long-term 
administration of anthracyclines is limited by cumulative dose-dependent 
cardiotoxicity. Irreversible cardiomyopathy with serious congestive heart failure is a 
significant risk in patients who have received doses in excess of 900 mg 
epirubicin/m2 body surface area. The cumulative epirubicin dose will be 360 mg/m2 
body surface area in treatment Arm A and 720 mg/m2 body surface area in the 
mainly anthracycline-based treatment Arm B. For this reason, great caution should 
be taken when anthracycline containing second line chemotherapies will be 
considered in these patients.(394) 
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Recent publications demonstrate that the incidence of cardiomyopathy increases 
significantly within the first 6 months of the last application of epirubicin.(395;396) A 
common property of cardiac toxicity associated with cardiac matrix alterations, 
including anthracycline cardiotoxicity, is the salutary effect of prolonged ACE 
inhibition. Without ACE inhibition the prognosis of anthracycline-induced CHF is 
grave , resembling the general prognosis of CHF and idiopathic cardiomyopathy with 
a mortality rate of about 50% within 2 years of diagnosis.(395;397;398) In a current 
prospective study with ACE inhibition only 1 of 10 patients with severe heart failure 
(NYHA class III–IV) died of CHF. The patients with a decreased cardiac function did 
not spontaneously recover during the observation period but function could only be 
reversed by ACE inhibition for several months. The investigators have successfully 
treated a total of more than 60 patients with severe CHF after anthracycline therapy 
with ACE inhibition, with a remarkably long-lasting recovery evaluated clinically and 
by LVEF determination.(395) This corresponds to trials with ACE inhibition 
documenting the necessity of ACE inhibitor therapy lasting years in heart 
failure,(399;400) and this should probably also be the case after anthracycline-
induced CHF. 
 
Figure: Risk of epirubicin-induced congestive heart failure (CHF) (A) and 
recovery after angiotensin-converting enzyme (ACE) inhibition (B)(395)  
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For the reasons mentioned above, LVEF monitoring by ultrasoundcardiography will 
be performed whenever cardiac symptoms occur, which justify this examination. 
 
5.6.1.5 Gemcitabine 
Gemcitabine [2'-deoxy-2',2'-difluorocytidine monohydrochloride (beta isomer); dFdC] 
is a novel deoxycytidine analogue which was originally investigated for its antiviral 
effects but has since been developed as an anticancer therapy. It is a pro-drug and, 
once transported into the cell, must be phosphorylated by deoxycytidine kinase to an 
active form. Gemcitabine is phosphorylated intracellularly to difluorodeoxycytidine 
triphosphate, which terminates DNA-chain elongation and competitively inhibits DNA 
polymerase and ribonucleotide reductase. After i.v. administration, gemcitabine is 
rapidly distributed into total body water. The drug is deaminated in the plasma to 
inactive difluorodeoxyuridine; both gemcitabine and difluorodeoxyuridine are primarily 
renally eliminated.(401) Both gemcitabine diphosphate (dFdCTP) and gemcitabine 
triphosphate (dFdCTP) inhibit processes required for DNA synthesis. Incorporation of 
dFdCTP into DNA is most likely the major mechanism by which gemcitabine causes 
cell death. After incorporation of gemcitabine nucleotide on the end of the elongating 
DNA strand, one more deoxynucleotide is added and thereafter, the DNA 
polymerases are unable to proceed. This action ("masked termination") apparently 
locks the drug into DNA as the proofreading enzymes are unable to remove 
gemcitabine from this position. Furthermore, the unique actions that gemcitabine 
metabolites exert on cellular regulatory processes serve to enhance the overall 
inhibitory activities on cell growth. This interaction is termed "self-potentiation" and is 
evidenced in very few other anticancer drugs.(402) 
Gemcitabine monotherapy produced an objective tumor response in 18 to 26% of 
patients with advanced non-small cell lung cancer (NSCLC) and appears to have 
similar efficacy to cisplatin plus etoposide. Objective response rates ranging from 26 
to 54% were recorded when gemcitabine was combined with cisplatin, and 1-year 
survival duration after such treatment ranged from 35 to 61%. Improvements in a 
range of NSCLC disease symptoms and/or in general performance status occurred in 
many patients who received gemcitabine, with or without cisplatin, in 3 clinical trials. 
Gemcitabine appears to be cost effective compared with best supportive care for 
NSCLC. In addition, direct costs associated with administration of gemcitabine 
monotherapy may be lower than those for some other NSCLC chemotherapy 
options, according to retrospective cost-minimisation analyses. The combination of 
gemcitabine plus cisplatin was associated with a lower cost per tumor response than 
cisplatin plus etoposide or cisplatin plus vinorelbine, according to a retrospective 
cost-effectiveness analysis. In a single comparative study in patients with advanced 
pancreatic cancer, gemcitabine was more effective than fluorouracil with respect to 
survival duration and general clinical status. It also showed modest antitumor and 
palliative efficacy in patients refractory to fluorouracil. Gemcitabine appears to be well 
tolerated, although further comparisons with other chemotherapy regimens are 
required.(403) 
In breast cancer, as a single agent, gemcitabine yields response rates ranging from 
14%-37% as first-line therapy for advanced breast cancer and 23%-42% as salvage 
therapy. However, these were small studies with large confidence intervals around all 
the indices of benefit including response rate, response duration, and time to disease 
progression. Gemcitabine is associated with higher response rates when used in 
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combination with other agents.(52) The combination of gemcitabine and 
anthracyclines-containing double- and triple-drug combinations used to treat patients 
with early-stage and advanced breast cancer were promising, with good tolerability 
and overall response rates ranging from 33%-89% in advanced disease and up to 
95% in the neoadjuvant treatment of early-stage disease.(54) Numerous phase II 
clinical studies have combined gemcitabine with other active agents such as the 
taxanes, vinorelbine, vindesine, cisplatin, 5-fluorouracil, as well as anthracyclines 
across various regimens and conditions of pretreatment. Most of these two-drug 
combinations have consistently demonstrated higher efficacy than either single 
agent, particularly in pretreated patients. Even higher efficacy has been obtained with 
triple-drug regimens including gemcitabine, anthracyclines (epirubicin or 
doxorubicin), and paclitaxel; these regimens have yielded overall response rates of 
58-92% as first-line treatment.(53) 
In an early review, the toxicity profile of gemcitabine was analyzed in a large group of 
patients (up to 790) from pivotal phase II studies, in which the drug was given 
intravenously as a 30 min infusion, in a schedule once a week for 3 weeks followed 
by a week of rest. The safety profile of gemcitabine is unusually mild for such an 
active agent in solid tumors. Haematological toxicity is mild and short-lived with 
modest WHO grades 3 and 4 for haemoglobin (6.4% and 0.9% of patients), 
leukocytes (8.1% and 0.5%), neutrophils (18.7% and 5.7%) and platelets (6.4% and 
0.9%). The incidence of grade 3 and 4 infection associated with this level of 
myelosuppression was low (0.9% and 0.2%). Transaminase elevations occurred 
frequently, but they were usually mild, and rarely dose limiting. Mild proteinuria and 
haematuria were seen but were rarely clinically significant. There was no evidence of 
cumulative hepatic or renal toxicity. Nausea and vomiting was mild, rarely dose 
limiting, and generally well controlled with standard antiemetics. Flu-like symptoms 
were experienced in a small proportion of patients but were of short duration. Where 
oedema/peripheral oedema was experienced there was no evidence of any 
association with cardiac, hepatic or renal failure. Hair loss was rare, with WHO grade 
3 alopecia reported in 0.5% of patients. There was no grade 4 alopecia. Furthermore, 
gemcitabine displayed minimal toxicity in elderly patients, and the side-effect profile 
does not seem to be affected by patient age. The adverse events typically 
experienced with cytotoxic agents, namely myelosuppression, nausea and vomiting 
and alopecia, are not seen to such a degree with gemcitabine, and this 
nonoverlapping toxicity profile suggests that gemcitabine is a promising agent for 
incorporation into combination chemotherapy regimens.(404) 
 
5.6.1.6 Tamoxifen 
Tamoxifen, a first generation selective estrogen receptor modulator, has been 
studied most extensively. It can be employed both as an adjuvant in estrogen 
receptor positive women and as palliative therapy for metastatic disease to the 
estrogen receptor and appears to function as a weak agonist/antagonist. The cellular 
actions of tamoxifen are not completely understood, but it appears that the drug's 
antiproliferative effects are mediated primarily by inhibition of the activities of 
estrogen through binding to estrogen receptors. It has a long plasma half-life and 
requires 4 weeks or longer to achieve steady-state levels. Tamoxifen can cause 
amenorrhea, hot flashes, and occasionally nausea and vomiting. It has been reported 
to modestly increase the risk of thromboembolic phenomenon. The risk for 
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endometrial cancer among women with breast cancer might increase following use of 
tamoxifen, recently classified as a carcinogen of the human endometrium. However, 
this risk is small and, by far, outweight by the antitumoral effects of 
tamoxifen.(405;406) Changes in serum lipid profiles also have been noted.(394) 
 
5.6.1.7 Anastrozole 
Aromatase inhibitors inhibit several enzymes responsible for the conversion of 
androgens to estrogens in the peripheral tissues. There are two types of aromatase 
inhibitors, irreversible steroidal activators and reversible nonsteroidal imidazole-
based inhibitors. Although both types  interfere with the final step in estrogen 
biosynthesis, they do so by different mechanisms. Steroidal agents, such as 
exemestane,have an androgen structure and compete with the natural aromatase 
substrate androstenedione; they  bind irreversibly to the catalytic site of aromatase 
causing loss of enzyme activity, and more aromatase enzyme must be produced 
before estrogen biosynthesis can resume. Therefore, steroidal agents are often 
referred to as suicide inhibitors.(407) 
Each of the third-generation aromatase inhibitors has been compared with megestrol 
acetate and tamoxifen in women with advanced disease and each is being evaluated 
for use in adjuvant therapy, neoadjuvant therapy, and for prevention. The two studies 
comparing anastrozole efficacy with that of megestrol acetate did not report a 
statistically significant difference in key end points between anastrozole (1 mg daily) 
and megestrol acetate (160 mg daily), although results for each end point were 
numerically superior for anastrozole. In one prospective randomised trial two doses 
of anastrozole (1 and 10 mg orally once daily) were compared with megestrol acetate 
(40 mg orally four times daily) in postmenopausal patients with advanced breast 
cancer who progressed after prior tamoxifen therapy. All patients were analysed for 
efficacy as randomised (intention to treat) and for tolerability as per treatment 
received. Of the 378 patients who entered the study, 135 were randomised to 
anastrozole 1 mg, 118 to anastrozole 10 mg, and 125 patients to megestrol acetate. 
After a median follow-up of 192 days, response rate which included complete 
response, partial response and patients who had disease stabilisation for 6 months 
or more was 34% for anastrozole 1 mg, 33.9% for anastrozole 10 mg and 32.8% for 
megestrol acetate.(408) In the second trial, Patients were randomly assigned to 
receive anastrozole, 1 mg (n = 128); anastrozole, 10 mg (n = 130); or megestrol 
acetate (n = 128). With a median duration of follow-up of 6 months, there was no 
statistical evidence of a difference between either 1 or 10 mg doses of anastrozole 
and megestrol acetate for any efficacy endpoint. According to rigid response criteria, 
10%, 6%, and 6% of patients in the anastrozole 1 mg, anastrozole 10 mg, and 
megestrol acetate groups, respectively, had an objective response (complete 
response or partial response) and 27%, 24%, and 30% of patients in the respective 
groups had stable disease for a duration of 24 weeks or longer. Quality-of-life 
assessments revealed that anastrozole in a 1-mg dose was associated with better 
physical scores and anastrozole in a 10-mg dose with better psychologic scores than 
megestrol acetate.(409)  In a subsequent pooled analysis of these two trials 
conducted at a median follow-up of 31 months, a statistically significant survival 
advantage was found for anastrozole. At the clinical dose of 1 mg daily, anastrozole 
demonstrated a statistically significant survival advantage over megestrol acetate, 
with a hazard ratio of 0.78 (P < 0.025)(0.60 < 97.5% confidence interval [CI] <1.0). 
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The 1 mg anastrozole group also had a longer median time to death (26.7 months) 
compared with 22.5 months for the megestrol acetate group. The 10 mg anastrozole 
group also had a survival benefit over the megestrol acetate group, with a hazard 
ratio of 0.83 (P=0.09, not significant)(0.64 < 97.5% CI < 1.1). Higher 2-year survival 
rates were observed for both anastrozole treatment groups than for the megestrol 
acetate group (56.1%, 54.6%, and 46.3% for the groups given 1 mg anastrozole, 10 
mg anastrozole, and megestrol acetate, respectively).(410) 
In comparative studies with tamoxifen, each of the third-generation aromatase 
inhibitors demonstrated clinical efficacy in postmenopausal women with advanced 
breast cancer. Anastrozole was compared with tamoxifen in two studies. In the first 
study, anastrozole 1 mg once daily was compared to tamoxifen 20 mg once daily in 
patients with hormone receptor-positive tumors or tumors of unknown receptor status 
who were eligible for endocrine therapy. Primary end points were objective response 
(OR), defined as complete (CR) or partial (PR) response, time to progression (TTP), 
and tolerability. Anastrozole was as effective as tamoxifen in terms of OR (21% v 
17% of patients, respectively), with clinical benefit (CR + PR + stabilization > or = 24 
weeks) observed in 59% of patients on anastrozole and 46% on tamoxifen (two-sided 
P =.0098, retrospective analysis). Anastrozole had a significant advantage over 
tamoxifen in terms of TTP (median TTP of 11.1 and 5.6 months for anastrozole and 
tamoxifen, respectively; two-sided P =.005). The tamoxifen:anastrozole hazards ratio 
was 1.44 (lower one-sided 95% confidence limit, 1.16). Both treatments were well 
tolerated. However, thromboembolic events and vaginal bleeding were reported in 
fewer patients who received anastrozole compared with those who received 
tamoxifen (4.1% v 8.2% [thromboembolic events] and 1.2% v 3.8% [vaginal 
bleeding], respectively).(411) In the second trial, a total of 668 patients (340 in the 
anastrozole arm and 328 in the tamoxifen arm) were randomized to treatment and 
followed-up for a median of 19 months. Median TTP was similar for both treatments 
(8.2 months in patients who received anastrozole and 8.3 months in patients who 
received tamoxifen). The tamoxifen:anastrozole hazards ratio was 0.99 (lower one-
sided 95% confidence limit, 0.86), demonstrating that anastrozole was at least 
equivalent to tamoxifen. Anastrozole was also as effective as tamoxifen in terms of 
OR (32.9% of anastrozole and 32.6% of tamoxifen patients achieved a complete 
response [CR] or partial response [PR]). Clinical benefit (CR + PR + stabilization of > 
or = 24 weeks) rates were 56.2% and 55.5% for patients receiving anastrozole and 
tamoxifen, respectively. Both treatments were well tolerated. However, incidences of 
thromboembolic events and vaginal bleeding were reported in fewer patients treated 
with anastrozole than with tamoxifen (4.8% v 7.3% [thromboembolic events] and 
1.2% v 2.4% [vaginal bleeding], respectively).(412) 
In a combined analysis, including 1021 postmenopausal women, at a median 
duration of follow-up of 18.2 months, anastrozole was at least equivalent to tamoxifen 
in terms of median TTP (8.5 and 7.0 months, respectively; estimated hazard ratio 
[tamoxifen relative to anastrozole], 1.13 [lower 95% confidence level, 1.00]). In a 
retrospective subgroup analysis, anastrozole was superior to tamoxifen with respect 
to TTP (median values of 10.7 and 6.4 months for anastrozole and tamoxifen, 
respectively, two-sided P = 0.022) in patients with estrogen and/or progesterone 
receptor positive tumors (60% of combined trial population). In terms of objective 
response, 29.0% of anastrozole and 27.1% of tamoxifen patients achieved either a 
complete response (CR) or a partial response (PR). Clinical benefit (CR + PR + 
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stabilization of > or = 24 weeks) rates were 57.1% and 52.0% for anastrozole and 
tamoxifen, respectively. Both anastrozole and tamoxifen were well tolerated. 
Anastrozole led to significantly fewer venous thromboembolic (P = 0.043; not 
adjusted for multiple comparisons) events, and vaginal bleeding was reported in 
fewer patients treated with anastrozole than with tamoxifen.(413) 
Based on these data, and the data on the adjuvant use of anastrozole, summarized 
in chapter 2.5, the sequential use of 2 years of Tamoxifen, followed by 3 years of 
anatrozole is justified as endocrine treatment for all postmenopausal, hormone 
receptor positive patients. This treatment is also in accordance to the American 
Society of Clinical Oncology Technical Assessment: ‘Optimal adjuvant hormonal 
therapy for a postmenopausal woman with receptor positive breast cancer includes 
an aromatase inhibitor as initial therapy or after treatment with Tamoxifen.’(414) The 
sequential squeme of endocrine treatment will be complementary to randomization of 
2 years vs. 5 years of zoledronate treatment, and will, therefore, give, in addition to 
the primary endpoint of this study, also yield the possibility to study the effects of 
anastrozole treatment with and without concomitant bisphosphonate treatment, 
particularly in respect to skeletal events. 
 
5.6.1.8 Zoledronate 
By selectively binding to calcium-ions, there is an enrichment of bisphosphonates in 
the bone, especially in resorptive areas, where calcium is most exposed. The positive 
effects of these substances were first ascribed to stabilization of the mineral bone 
matrix due to prevention of hydroxyapatit crystal solution by a physicochemical 
mechanism. It seems clear that the inhibition of osteoclasts is one of the major 
mechanisms of action of these drugs. Due to a high resorptive potency of active 
osteoclasts, bisphosphonates are internalized from the resorption lacuna. By a so far 
not entirely clarified mechanism, the substances get into the cytoplasm, where they 
are able to disturb several functions of the osteoclasts:(415) 
Disruption of the actin cytoskeleton; especially the actin-ring, necessary to adhere 
and to form the lacuna cannot be formed properly. This can be reversible at low BP-
concentrations. 
Loss of the ruffled border, the site of excretion of hydrogen ions and resorption.  
Disruption of intracellular signalling by integrins.  
Induction of apoptosis of osteoclasts 
It is known, that amino-bisphosphonates block the mevalonat-pathway of different 
cell types. Therefore, many of the before mentioned effects are ascribed to this basic 
action: It results in a missing of prenyl residues, that are necessary for 
posttranslational modification of small GTP-binding proteins (sG-proteins). Those 
proteins are necessary for cell signaling and therefore essential for many cellular 
functions.(415) This hypothesis is supported by the fact, that most of the deleterious 
effects of bisphosphonates can be abrogated in vitro by geranylgeraniol, the 
substrate for prenylating sG-proteins. In addition, similar effects on osteoclasts like 
those of bisphosphonates can be induced by statins, drugs usually utilized to reduce 
serum-cholesterol, that block the HMGcoA-reductase, an early enzyme of the 
mevalonate pathway. 
Non-Amino-Bisphosphonates seem to act different: they do not disturb the 
mevalonat-pathway, but can be metabolized to non-hydrolysable ATP-analogs, which 
compete with ATP and thereby as well block several important cellular 
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functions.(416)  
As macrophages are closely related to osteoclasts and display a similar resorption 
ability,(417) it is conceivable, that the function of those cells might be disturbed by 
bisphosphonates as well. Apart from the induction of apoptosis, incubation of 
macrophages or monocytes with bisphosphonates alters cytokine release and 
surface molecule expression including antigen-presentation.(418)  
Bisphosphonates also influence osteoblasts: those antagonistic cells can release 
substances, that inactivate osteoclasts. This can be initiated and increased by 
bisphosphonates, even after short-time incubation of 5 min.(415)  
In the last few years there has been increasing evidence, that there are much more 
and various effects of bisphosphonates, than presumed in the past decades. The 
interest in this context is focused on direct effects on tumor cells. Bisphosphonates 
exert a toxic effect on tumor cells and induce apoptosis in myeloma,(419) prostate 
cancer(420) and in breast cancer cells.(421) This effect shows synergy with 
commonly utilized cytostatic substances like dexamethasone or paclitaxel, as well as 
with antihormones like tamoxifen.(422;423) The mechanism of action is probably 
similar to those in osteoclasts, described above, and equally different for amino- and 
non-amino-bisphosphonates.(416) 
In addition it could be shown, that the adhesion of tumor cells on bone matrix can be 
inhibited by bisphosphonates.(424) This was shown as well for preincubated bone 
matrix with untreated tumor cells as vice versa. The exact mechanism for this 
inhibition is not entirely understood, but it can be assumed, that bisphosphonates 
interfere with the interaction of cell-surface –adhesion –molecules like integrins and 
bone matrix. 
Bisphosphonates differ by substitution of active side chains on their phosphorous - 
carbon - phosphorous structural backbone.(425) First generation bisphosphonates 
(etidronate and clodronate) have alkyl or halide side chains. The second generation 
bisphosphonates  (pamidronate disodium / Aredia® and alendronate) are 
characterized by a side chains with an amino terminal group and have an increased 
antiresorptive potency of 10-100 times the previous generation.(425) Zoledronic acid, 
a 3rd generation bisphosphonate, is 2-(imidazol-l-yl-hydroxyethane-1, 1-
bisphosphonic acid) in the form of its monohydrate. This compound is characterized 
by a side chain consisting of an imidazole ring group. Zoledronic acid is a more 
potent inhibitor of osteoclasts than earlier bisphosphonates. In the 1,25-
dihydroxyvitamin D3-induced in vivo hypercalcemia model of thyroparathyroid 
ectomized rats, Zoledronic acid is 850 times more potent than pamidronate and more 
than four orders of magnitude more potent than either clodronate or etidronate.(426) 
In addition, zoledronic acid is two orders of magnitude more potent than pamidronate 
in inhibiting the release of calcium from mouse calvaria in vitro irrespective of the 
stimulus [1,25(OH)2D3, PTH, PTHrP, prostaglandin-E2, or IL-1B]. Zoledronic acid 
has little effect on bone mineralization in vitro, and this drug has the largest 
therapeutic ratio between the desired inhibition of calcium resorption and the 
unwanted inhibition of mineralization in vitro of all the bisphosphonates.(426) 
Zoledronic acid has been approved in Europe and the US for the treatment of bone 
metastases in a broad range of tumors and for the treatment of malignancy-related 
hypercalcemia.  
Side effects of bisphosphonates differ according to whether administration is oral or 
intravenous. Bisphosphonates are poorly bioavailable reaching only a few percent 
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even with oral bisphosphonates such as clodronate, the result of their low lipophilicity 
and chelation by calcium. Gastrointestinal side-effects are frequent with nausea, 
dyspepsia, vomiting, gastric pain, diarrhea and even ulceration. These can be 
alleviated by taking water and remaining upright to minimize esophageal reflux.  
Given in excessive amounts  bisphosphonates will inhibit normal calcification. The 
therapeutic window and modalities of administration are an important feature defining 
the use of the different bisphosphonates.(427;428) Zoledronic acid has little effect on 
bone mineralization in vitro. In rat models, the rapid absorption and adherence of 
Zometa® (zoledronic acid)  to bone results in its quick and complete elimination from 
the circulation. Gastrointestinal absorption of zoledronic acid  is poor, and does not 
exceed 5% of a dose of 1.5 mg/kg. The drug is not metabolized, and is cleared 
rapidly from the circulation and excreted completely via the kidneys within 24 hours. 
Zoledronic acid therefore has the largest therapeutic ratio between the desired 
inhibition of calcium resorption and the unwanted inhibition of mineralization in vitro 
characteristic of all bisphosphonates.(426) 
The parenteral administration of nitrogen-containing bisphosphonates can initially be 
accompanied by a transient low-grade fever accompanied sometimes by flu-like 
symptoms. The major risk with intravenous bisphosphonate administration is that of 
renal failure consequent to the formation of deposits after an over-rapid injection. 
Renal side-effects can be avoided by slow intravenous infusion with adequate fluid 
volumes. To date, zoledronic acid ( 4 mg as 15-minute infusion) has been given 
intravenously to more than 500.000 patients and has been generally well tolerated. In 
trials of treatment for bone metastases, 9 to 15 percent of patients who received 4 
mg of zoledronic acid over a 15-minute period had renal deterioration, defined by 
elevations in the serum creatinine level.(429) This rate was comparable to the rate of 
renal deterioration among patients in the placebo groups of the same trials (6.7 to 
11.5 percent) confirming the increased baseline risk of renal deterioration, including 
renal failure, in patients with advanced or metastatic cancer.(429) Because of 
intravenous bisphosphonates have been associated with a risk of renal deterioration, 
regular monitoring of renal function, adequate hydration and discontinuation of 
treatment if renal function deteriorates are recommended.  
 
5.6.1.9 Goserelin 
Goserelin is a gonadotropin-releasing hormone (GnRH) agonist. Continuous pituitary 
stimulation by GnRH, normally under pulsatile control, leads to an eventual 
downregulation of LH and FSH secretion with subsequent diminution of androgen 
levels. During the first weeks of therapy an initial LH and FSH release may occur. 
Goserelin lowers serum estradiol to postmenopausal levels. Goserelin is well 
tolerated both locally and systemically. It produced effective castration and the 
objective response rates and duration of remission are at least comparable to those 
seen following oophorectomy; however, the side effects are less. The use of depot 
goserelin avoids the psychological trauma and operative morbidity of the irreversible 
operative castration.(430) Amenorrhea and hot flashes (75 %) are common adverse 
effects of goserelin therapy. Peripheral edema with worsening congestive heart 
failure have been described.(431),(394) 
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5.6.2 Toxicity, Dosage Selection and Interval Modification 

5.6.2.1 Hematological Toxicity 
Hematological toxicities will be graded according to the Common Toxicity Criteria of 
the National Cancer Institute (CTC, Version 3.0) as depicted in the relevant section of 
this protocol. 

The WBC (white blood count) must be ≥ 3.0 x 109/l and the platelet count ≥ 100 x 
109/l prior to the beginning of the treatment. In case of required delay, the patient 
should have blood count checked at least twice per week and retreated as soon as 
sufficient recovery has been achieved.  
Primary prophylactic application of G-CSF is no more recommended for the regimens 
in this trial today.(432) However, in order to achieve sufficient dose intensity and to 
prevent infections, G-CSF (Granocyte®) should be applied as secondary prophylaxis 
in the following cases: 
 Febrile neutropenia (i.e. temperature >38.5 °C, ANC < 0.5 x 109/l, requiring 

hospitalization and intravenous antibiotics) 
 neutropenia (ANC < 0.5 x 109/l) for more than 5 days  
 severe neutropenia (ANC < 0.1 x 109/l) 
 prolongation of the time interval due to insufficient leucocytes or neutrophils  

 
G-CSF as secondary prophylaxis should be given in all the following courses on day 
5 – 10, or until leucocytes have reached 5.0 x 109/l after crossing the nadir.  
Concerning the application of G-CSF, please see also the relevant section. 
In case of the following hematological toxicities despite secondary prophylactic 
application of G-CSF, doses will be reduced successively by one dose level in case 
of  
 ANC < 0.5 x 109/l for more than 5 days 
 Febrile neutropenia (i.e. temperature >38.5 °C, ANC < 0.5 x 109/l, requiring 

hospitalization and intravenous antibiotics) 
 Thrombocytopenia grade 4 
 Prolongation of the time interval due to insufficient leucocytes or neutrophils 

and/or platelets  
 
5.6.2.2 Non-hematological Toxicity 
Non-hematologic toxicities will be graded according to the Common Toxicity Criteria 
of the National Cancer Institute (CTC, Version 3.0) as depicted in the relevant section 
of this protocol.  
Patients with a grade 0-2 toxicity other than a hematologic toxicity will receive the full 
dose of therapy on time.  
Neurological toxicity: NCI-grade 2: dose reduction 1 level 
    NCI-grade >2: removal from study 
Gastrointestinal toxicity:  Mucositis: 
    NCI-grade 3:  dose reduction 1 level 

      Mucositis or vomiting: 
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    NCI-grade 4:  removal from study 
Cardiac toxicity:   AV-bockage 1st grade, asymptomatic bradycardia, isolated 
asymptomatic   ventricular extrasystoles:  treatment continuation under cardiac 
monitoring 
Arrythmias requiring treatment, AV-blockage 2nd or 3rd grade, reduction of LVEF of 
>20%/or >10% and below the clinic’s normal range: removal from study 
Pulmonary Toxicity (in special respect to Gemcitabine)  
If pneumonitis grade 2 or higher develops in a given cycle and is related to 
gemcitabine, gemcitabine should be promptly discontinued and the patient should be 
removed from protocol treatment.  Treatment with corticosteroids should be given 
according to established guidelines. 
For patients who develop other grade 3 non-hematologic toxicity, the decision to 
have their treatment reduced to 75 % or withheld will depend on the course that is 
medically most sound in the judgment of the investigator. 
Patients who develop a grade 4 non-hematologic toxicity that is judged to be life-
threatening will be removed from the study.  
For subsequent cycles, doses will be reduced successively by one dose level in case 
of the above mentioned toxicities. 
A patient will be discontinued from the study if the beginning of a given cycle has to 
be postponed due to toxicity for more than 2 weeks, unless approved by the study 
coordinator group. In this case, the dose will be reduced by one dose level. 
 

5.6.2.3 Dosage Adjustments 

5.6.2.3.1 Dosage Adjustment Levels for Randomization A 

The following dosage adjustment levels will be considered for randomization A: 

Dose Level 0 -1 -2 
Fluorouracil 500 mg/m² 400 mg/m² 300 mg/m² 
Epirubicin 100 mg/m² 80 mg/m² 60 mg/m² 
Cyclophosphamide 500 mg/m² 400 mg/m² 300 mg/m² 
Docetaxel (Arm AA) 75 mg/m² 60 mg/m² 45 mg/m² 
Docetaxel (Arm AB) 100 mg/m² 80 mg/m² 60 mg/m² 
Gemcitabine (each 
day) 

1000 mg/m² 800 mg/m² 600 mg/m² 

Further dose reductions would result in an ineffective therapy. Therefore, patients 
requiring further dose reductions have to be discontinued from the study. 

 

5.6.2.3.2 Dosage Adjustment Levels for Randomization B 
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The dose of Zoledronate in patients with baseline creatinine clearance > 60 mL/min 
is 4 mg infused over no less than 15 minutes.  
Dose modifications in patients with mild to moderate renal impairment 
(creatinine clearance ≤ 60 mL/min) at baseline: Upon treatment initiation, the 
Zoledronate doses for patients with reduced renal function (mild and moderate renal 
impairment) are listed in the following table. These doses are calculated to achieve 
the same AUC as that achieved in patients with creatinine clearance of 75 mL/min. 
Creatinine clearance (CrCl) is calculated using the Cockcroft-Gault formula:  

CrCl= 
)/(*72
85,0*)(*)(140

dlmgcreatininserum
kgweightyearsage

−
−  

Baseline Creatinine Clearance (mL/min)  Zoledronate Recommended Dose* 
 >60   4.0 mg 
 50 - 60  3.5 mg 
 40 -49  3.3 mg 
 30 - 39  3.0 mg 
*Doses calculated assuming target AUC of 0.66(mg•hr/L) (CrCl=75mL/min) 

 

 

5.6.2.4 Interval Modification 
The cytostatic treatment of a patient can be postponed for up to 2 weeks if she has 
not recovered from hematological and/or non-hematological toxicity at the beginning 
of a cycle (day 1).  
The following items must be fulfilled: 

- neutrophiles ≥ 1.5 x 109/l or leucocytes ≥ 2.0 x 109/l 
- platelets ≥ 100 x 109/l 

The treatment will be restarted immediately after recovery. 
A patient will be discontinued from the study if the beginning of a given cycle has to 
be postponed due to toxicity for more than 2 weeks, unless approved by the study 
coordinators. 
In this case, the dose will be reduced by one dose level. 
In case these requirements are not achieved, frequent laboratory controls are 
recommended as well as interval prolongation for up to 1 week (no application of G-
CSF immediately before chemotherapy!). 
 
Serum creatinine should be monitored in all patients treated with Zoledronate prior to 
each dose. A two weeks window for checking creatinine is allowed prior to the next 
dose. Elevations in serum creatinine above baseline values may necessitate a delay 
in treatment. 



 

                   SUCCESS-Trial, Version 1.2, 15.8.2005  Page 100 

Anschrift:   D-80337 München  •  Maistraße 11  •  Telefon (0 89) 51 60-4111 (Vermittlung)  

 
The serum creatinine result should be evaluated according to the following criteria: 

• If the patient’s baseline serum creatinine was < 1.4 mg/dl at the time of study 
entry, an increase of 0.5 mg/dl or more will require the delaying of the dose of 
study drug until the patient’s serum creatinine returns to no higher than 10% 
above the baseline value. 

•  If the patient’s baseline serum creatinine was > 1.4 mg/dl, then any increase in 
the serum creatinine of 1.0 mg/dl or more will require that the study drug be 
delayed until the patients serum creatinine returns to no higher than 10% above 
the baseline value. 

•  Any doubling of the baseline serum creatinine value will require that the study 
drug be delayed until the patient’s serum creatinine returns to no higher than 
10% above the baseline value. 

 

Zoledronate should be re-initiated at the same dose as that prior to treatment 
interruption  
 
 

5.7 Endocrine Therapy 

All patients with positive hormone receptor status (≥ 10 % positively stained cells for 
estrogen and/or progesterone) on the primary tumor will receive endocrine treatment. 
Patients with positive hormone receptor status (≥ 10 % positively stained cells for 
estrogen and/or progesterone) of the primary tumor will receive tamoxifen treatment 
20 mg p.o. per day for 2 years, after the end of chemotherapy. Postmenopausal 
patients with positive hormone receptor status will be treated subsequently with 
anastrozole (Arimidex®) 1 mg p.o. for additional 3 years, premenopausal patients 
will continue tamoxifen treatment for additional 3 years. In case of contraindications 
against tamoxifen or severe adverse effect during the treatment with tamoxifen, 
anastrozole will be given before the end of the initial 2 years. In addition to tamoxifen, 
all patients with positive hormone receptor status of the primary tumor and under the 
age of 40 or restart of menstrual bleeding within 6 months after the completion of 
cytostatic treatment or with premenopausal hormone levels as defined below will 
receive goserelin (Zoladex®) 3.6 mg subcutaneously every 4 weeks over a period of 
2 years.(2;3) Premenopausal endocrine status will be assumed, if the following 
serum levels are met: LH < 20 mIE/ml, FSH < 20 mIE/ml and E2 > 20 pg/ml. 
Endocrine therapy will start after the end of chemotherapy. Ovarian protection with 
an GnRH-agent during chemotherapy in hormone receptor negative patients within 
the ZORO-Study will be allowed. 
 

5.8 Radiotherapy 

All patients with breast conserving therapy or at least 4 axillary lymph node 
metastases will receive adjuvant radiotherapy following the completion of the 
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systemic cytotoxic treatment. If necessary to meet patients’ needs or for logistic 
reasons, the radiotherapy may also be administered intermittently following the 
completion of 50 % of the cytotoxic treatment. 
The optimal sequencing of chemotherapy and adjuvant radiotherapy cannot be 
determined from available evidence in literature. The expert consensus of the ASCO 
2001 Panel(157) was that chemotherapy should be started soon after surgery, and 
hence the start of chemotherapy should not be delayed until after adjuvant 
radiotherapy. However, in cases in which prolonged chemotherapy regimens are 
used, the panel could not reach consensus on whether it was better to use a 
“sandwich” approach or deliver all chemotherapy before adjuvant radiotherapy or to 
give concurrent chemoradiotherapy. There are few data defining the optimal 
sequencing of chemotherapy and adjuvant radiotherapy. The interval between 
surgery and the start of radiotherapy may affect the risk of local recurrence. At the 
University of Washington in Seattle, the 8-year actuarial risk of local recurrence 
among 19 patients beginning radiotherapy within 6 months of initial diagnosis was 
5%, compared with 23% among 35 patients beginning radiotherapy more than 6 
months after diagnosis.(433) On the other hand, delaying chemotherapy in favor of 
irradiation might increase the risk of distant failure.In a trial of the sequencing of 
chemotherapy and radiotherapy in patients treated with breast-conserving therapy at 
the Joint Center for Radiation Therapy (JCRT) andaffiliated institutions, freedom from 
distant failure and overall survival rates were higher in patients randomized to receive 
chemotherapy before radiotherapy, rather than radiotherapy followed by 
chemotherapy.(434) 
Therfore, it will be allowed to give the adjuvant therapeutic irradiation after 
completing of half of the cytostatic treatment (3 cycles of chemotherapy, ‘sandwich 
therapy’), or after the full completion of the chemotherapy. In case of sandwich 
therapy, the chemotherapy will have to be halted for the duration of the intermittent 
radiotherapy. The subsequent cytostatic treatment will have to commence no later 
than 14 days after the completion of the radiotherapy. It will be required to obide to 
the initial commitment for the timing of radiotherapy in each patient. 
The chest wall is the site at greatest risk of recurrence in patients undergoing 
mastectomy. Irradiation of the chest wall not only reduces the risk for local 
recurrence significantly, but also improves the overall survival significantly in patients 
with locoregionally advanced disease.(435) (148)Therefore, the irradiation of the 
chest wall following mastectomy will be mandatory for all patients with at least 4 
axillary lymph node metastases  
or with one of the following conditions: 

• T3/T4-carcinoma 

• T2-carcinoma > 3 cm 

• multicentric tumor growth 

• lymphangiosis carcinomatosa or vessel involvement 

• involvement of the pectoralis fascia or a safety margin < 5 mm 

• R1- or R2 resection.(4) 
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and will be performed with high energy photons using tangential opposition beams. 
Telecobalt irradiation will be permitted. The suggested single dose will be 1.8 Gy (five 
times a week). The cumulative absorbed dose will be 50.4 Gy. 
Supraclavicular nodal failures are more common in unirradiated patients with four or 
more positive axillary nodes. In one series, supraclavicular nodal failure appeared in 
17% of unirradiated or inadequately irradiated patients (17 of 102), compared with 
2% of 56 irradiated patients.(436) In another series, the risk of supraclavicular failure 
was 13% (6 of 46) among unirradiated patients with four or more positive nodes, 
compared with 4% (2 of 52) for those irradiated.(437) The appropriateness of giving 
supraclavicular nodal irradiation was discussed extensively by the expert consensus 
of the ASCO 2001 Panel,(157) and two trials (oneconducted by the European 
Organization for Research and Treatment of Cancer, the other by the National 
Cancer Institute of Canada) are currently open in which patients are randomized to 
receive or not receive both supraclavicular and internal mammary nodal irradiation. 
These may someday help settle this contentious issue, but at present there are 
clearly substantial differences of opinion on this subject within the radiation oncology 
community, as well as among the panel members. Therefore, based on these 
considerations of morbidity and the substantial observed incidence of clinical 
supraclavicular failure in patients with four or more positive axillary nodes, the panel 
suggests that a supraclavicular field should be irradiated in all such patients. In this 
study, this recommendation is followed, and irradiatin of the infra-/supraclavicular 
lymphnode area will be required for all patients with at least 4 axillary lymph node 
metastases. The suggested single dose will be 1.8 Gy (five times a week). The 
cumulative absorbed dose will be 50.4 Gy. 
Radiotherapy following breast conserving therapy will comprise the irradiation of 
the breast, using tangential opposition beams. The suggested single dose will be 1.8 
Gy (five times a week). The cumulative absorbed dose will be 50.4 Gy. 
There is insufficient evidence to assume that patients might benefit from axillary 
irradiation. In a series from Lund, Sweden, no axillary failures were seen among 
either 46 unirradiated or 52 irradiated patients with four or more positive nodes.(437) 
In a small series of patients who underwent high-dose chemotherapy after complete 
dissection which revealed 10 or more positive nodes, there was no difference in 
axillary failure rates whether a supraclavicular field or full axillary field was 
treated.(438) Therefore, the expert consensus of the ASCO 2001 Panel(157) 
suggests that axillary radiotherapy not be given routinely to patients undergoing 
complete or level I/II axillary dissection. Following this suggestion, irradiation of the 
axillary lymph nodes will not be permitted in this study. 
There is insufficient evidence to make recommendations on whether internal 
mammary nodal irradiation should or should not be used in this study. One of the 
most controversial issues regarding adjuvant radiotherapy in breast cancer is the 
treatment of the internal mammary nodes. In older studies, the incidence of internal 
mammary node metastases was approximately 10% in patients with a negative 
axillary dissection and 20% to 50% in patients with a positive dissection.(439;440) 
More recent studies tend to show lower risks of involvement.(441;442) However, 
clinical recurrence in internal mammary nodes in patients with positive axillary nodes 
is rare in most series, even when radiotherapy is not given.(443;444) A few 
randomized trials have focussed on whether internal mammary nodal treatment 
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improves patient outcome. Two trials showed no improvement in survival in patients 
who underwent internal mammary node dissection in addition to standard radical 
mastectomy.(439;445;446) In early 1996, the European Organization for Research 
and Treatment of Cancer began a trial (protocol 22922/10925) of the value of internal 
mammary and medial supraclavicular chain irradiation for similarly selected patients 
undergoing either breast-conserving surgery or mastectomy, with an accrual goal of 
more than 4,000 patients. A similar trial began in Canada in 2000 (open only to 
patients undergoing breast-conserving surgery). Therefore, there is insufficient data 
available to make recommendations as to whether deliberate internal mammary 
nodal irradiation should or should not be used, and the decision in this study will be 
left at the discretion of the individual investigator. However, the investigator’s 
decision will have to be documented thoroughly in the clinical report forms. 
Currently, there is also no sufficient data supporting the assumption that a boost 
dosis to the area of the primary tumor in the conservative treatment of breast cancer 
improves the overall survival in these patients. In a large series on 1,024 women with 
early breast carcinoma (< or = 3 cm in diameter), at 5 years, 10 patients of 521 who 
had received the boost (Kaplan-Meier estimate of local relapse rate, 3.6%) and 20 of 
503 who had received no further treatment (Kaplan-Meier estimate of local relapse 
rate, 4.5%) had developed a local recurrence (P = .044). After adjustment for the 
main prognostic variables, the relative risk was still significantly lower for the boost 
group (0.3; range, 0.12 to 0.95). However, no differences in overall survival were 
reported between the two study arms.(447) Following a study on 199 patients after 
breast conserving surgery, Galinsky et al. conclude that a boost to the primary site is 
unnecessary if the margins of resection are negative.(448) Pending results of the 
EORTC Radiotherapy Cooperative Group trial 22881/10882 will hopefully add to the 
unsufficient knowledge about a potential survival benefit of boost irradiation after 
breast conserving therapy. Because of the lack of data suggesting prognostic 
relevance of boost irradiation on overall survival and the randomized character of this 
study, the decision to apply or neglect boost irradiation will be at the discretion of the 
individual investigator. 
Intraoperative radiotherapy may be used as boost treatment within the Targit-Study 
(Chair: Prof. Dr. M. Baum, London), if administered with the Intrabeam-Device (Zeiss, 
Germany). If a patient meets all inclusion criteria for the Targit-Study, and no 
additional whole breast radiation is necessary according to the Targit-Study protocol, 
no additional radiotherapy is warranted within this study. 
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5.9 Randomization 

All patients will be randomized to one of the following treatments: 

First randomization A 
AA: 3 cycles of 5-Fluorouracil 500 mg/m² i.v. body surface area and Epirubicin 

100 mg/m² i.v. and Cyclophosphamide 500 mg/m² i.v., (FEC100), each 
administered on day 1, repeated on day 22, subsequently followed by 3 
cycles of Docetaxel 75 mg/m² body surface area i.v. (D), and Gemcitabine 
1000 mg/m² i.v. (30 min infusion) (G), administered on day 1, followed by 
Gemcitabine 1000 mg/m² i.v. (30 min infusion) on day 8, repeated on day 
22 

AB: 3 cycles of 5-Fluorouracil 500 mg/m² i.v. body surface area and Epirubicin 
100 mg/m² i.v. and Cyclophosphamide 500 mg/m² i.v., (FEC100), each 
administered on day 1, repeated on day 22, subsequently followed by 3 
cycles of Docetaxel 100 mg/m² body surface area i.v. (D), administered on 
day 1, repeated on day 22 

 
Second  randomization B 

BA: Zoledronic acid 4 mg i.v., every 3 months for the duration of two years, 
subsequently followed by zoledronic acid 4 mg i.v., every 6 months for the 
duration of additional three years  

BB: Zoledronic acid 4 mg i.v., every 3 months for the duration of two years 
 
Both randomizations will be perforemed before the start of the first treatment period. 
Each patient’s treatment modality will be unknown until the time of randomization. 
 
Randomization will be stratified on the baseline prognostic variable of metastatic 
axillary lymph node involvement and the hormone receptor status of the primary 
tumor, histopathological grading, menopausal status, as well as the HER2-neu 
Status, as described below. 
For each factor the following strata will be formed: 
• Metastatic axillary lymph node involvement:  

• No evidence of metastatic axillary lymph nodes or unknown axillary status 
• 1-3 metastatic axillary lymph nodes 
• 4-9 metastatic axillary lymph nodes vs.  
• ≥ 10 metastatic axillary lymph nodes 

• Hormone receptor status (≥ 10 % positively stained cells for estrogen and/or 
progesterone) of the primary tumor:  

• negative vs.  
• positive 

• Histopathological grading: 
• G1 vs. 
• G 2-3 

• Menopausal status 
• Premenopausal 
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• Postmenopausal 
• HER2-neu Status 

• Positive 
• Negative 
• Unknown 

 

The randomization is performed by fax or electronically via Internet by the appointed CRO, 
as specified on the title pages of this protocol. The recruitment period for this study is 
schechuled for the duration of 5 years. Participating study centers will be obliged to enroll 
at least 10 patients per year. 

The patient numbering is performed by the CRO. Patient numbers have four digits. 
Consecutively numbering is done, starting with 001. The randomization lists are kept 
at the CRO. 
In case of questions to the randomization procedure, please contact the CRO via the 
contact options outlined on the front pages of this protocol. 
In case of clinical questions (e.g. inclusion / exclusion criteria), please contact the 
study office:  
 

Frauenklinik Innenstadt, Klinikum der LMU München, Maistr. 11, 80337 
München 

SUCCESS-Study Office 
Fr. Dr. B. Rack, PD Dr. W. Janni, Prof. Dr. H. Sommer 

Phone: ++49-89-5160-4111/4170 
Fax: ++49-89-5160-4547 

eMail: SUCCESS@med.uni-muenchen.de 
 

5.10 Blinding 
This is an open-label, randomized study not requiring blinding. Blinding in a 
randomized study involving different cytostatic regimen would not be feasible as of 
the circumstances of the treatment modality. Therefore the identity of the treatment 
will be known to the investigator and patient. 
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5.11 Concomitant Therapy 
 
Full supportive care (for example transfusions or antibiotics) will be given and 
recorded on the case report form. An effective anti-emetic treatment is recommended 
(compare relevant section). 
No other cytotoxic or other anti-neoplastic treatment other than specified in this 
protocol will be permitted while the patients are in the study. Any disease progression 
requiring other forms of specific anti-tumor therapy will be a cause for discontinuation 
in this study.  

5.11.1  G-CSF 
Granulocyte Colony Stimulating Factor (G-CSF) is a haematopoietic growth factor 
suitable for the prophylaxis and therapy of serious cytopenia associated with 
cytostatic therapy.(449) Following the application of G-CSF, an increase especially in 
neutrophil granulocytes after 6-12 hours can be observed. This effect is mainly 
achieved by emptying the pools of granulocytes in the bone marrow and by a 
prolongation of the life cycle of granulocytes. Granulocytes in the peripheral blood, 
which had been stimulated by G-CSF usually have a normal or higher cellular 
function. A significant effect on the erythropoesis or the thrombopoesis has not been 
proven. The expected side effects of G-CSF application include feelings of general 
sickness, muscle and joint pain, fever, minor increase of liver enzymes and 
exanthema in the area of injection. The above mentioned symptoms are usually 
easily cured through a therapy using Paracetamol. 
 
The use of G-CSF in non-neutropaenic infection is based on three possible 
mechanisms of action: 
(1) enhanced chemotaxis, superoxide production and killing activity 
(2) immunomodulation of the cytokine response in sepsis 
(3) a possible increase in intracellular uptake of antibiotics 
 
Two granulocyte colony stimulating factors (G-CSFs) are available for clinical use in 
Europe: filgrastim (Neupogen®) and lenograstim (Granocyte®). The purpose of this 
literature review is to study how they differ, the clinical implications of these 
differences (especially in terms of efficacy) and the economic impact of these 
differences. From a chemical point of view the two molecules are not identical. (450-
453) Their amino acid sequence is different and one is glycosylated, whereas the 
other is not. The important question to ask is what these structural differences mean 
for the patient. It appears that glycosylation has important consequences in terms of 
efficacy. Several recent comparative studies, both in vitro and in vivo, in animals and 
in humans, reinforce this idea which was often shared intuitively by physicians. In 
economical terms, in hospitals where the exact dosages are used (150 µg/m2 or 19.2 
million units (MU)/m2 for Granocyte, and 5 µg/kg or 0.5 MU/kg for Neupogen), the 
choice of G-CSF must be made according to the daily cost of treatment which, for an 
average patient, means comparing the price of 325 µg of Neupogen and of 255 µg of 
Granocyte.  

The G-CSF used in this study will be Lenograstim (Granocyte®) All the study results 
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point in the same direction, demonstrating the significance of glycosylation as much 
in terms of efficacy as of quality of response.(454) The results observed in vitro 
(which generally speaking must be considered with caution) confirm and, in part, 
explain the differences in efficacy observed in humans. It should be noted that the 
international studies published, which all support Granocyte, compare the two 
products in a therapeutic situation, and on criteria which are easily measurable and 
very standardized, and do not take into consideration criteria such as the duration of 
hospital stay, the incidence of neutropenia or the consumption of antibiotics. 
 

5.11.2  Oral antibiotic prophylaxis 
As there is an expected high rate of neutropenia grade 3 and 4 in both arms, the 
application of oral prophylactic antibiotics should be considered. The reported toxicity 
of the control arm (PACS 01) includes febrile neutropenia in 4.6% of the patients.(49) 
However, the position of the use of oral antibiotic prophylaxis in myelotoxic 
chemotherapy regimen remains undefined. There is no general recommendation and 
the risk of antibiotic resistance should be seriously taken into consideration. Thus, 
the decision whether to apply such prophylaxis is given to the discretion of the 
investigator.  
We therefore only recommend oral prophylactic antibiotics if the patient’s neutrophile 
granulocytes are < 0,5 x 109/l, with or without application of G-CSF. Possible 
antibiotic drugs in this setting are levofloxacin (Tavanic®) 500 mg p.o. once a day or 
ciprofloxacin (Ciprobay®) 500 mg p.o. twice a day, respectively.  
If the patient develops fever, especially around the expected nadir of the 
neutrophile granulocytes, hospitalization and application of intravenous 
antibiotics are absolutely necessary! No oral antibiotic treatment may be 
started in febrile neutropenia. 
 

5.11.3  5-HT3-Receptorantagonists and Glucocorticoids 
Little more than a decade ago, chemotherapy induced emesis was considered the 
most negative, unwanted side effect of cytostatic therapy, reducing substantially the 
quality of life of the patients. Exhausting episodes of emesis were often a limiting 
factor in the promise of the therapeutic success. Because of the use of highly 
emetogeneous chemotherapeutic agents, special attention should be paid to the 
antiemetic therapy in this study. 
5-HT3-receptorantagonists, as opposed to the conventional antiemetica (e.g. 
Metoclopramid), are superior both in their efficacy as well as in their spectrum of 
adverse effects. Since the successful separation of 5-HT3-receptorantagonists from 
other serotoninreceptorantagonists at the end of the 1970’s, three of 5-HT3-
receptorantagonists have been registered in Germany. The clinical efficacy of 5-HT3-
receptorantagonists is achieved by the mutual blockage of the peripheral and central 
serotoninreceptors. A further advantage of using 5-HT3-receptorantagonists in 
contrast to conventional antiemetica is the lack of tachyphylaxia. One can expect a 
decrease in the total control of emesis during several treatment cycles, but still far 
less than with Metoclopramid.(455) 
Among the available registered products that can be used for antiemesis, Navoban® 
(active ingredient: Tropisetron, 5 mg) has been chosen since it has been evaluated 
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most comprehensively in highly emetic treatments.(456) 
In this study, the antiemetic agent is intravenously given 15 min. before the 
application of the initial cytostatic agent in order to guarantee maximal blockage of 
the receptors. Further applications (p.o. or i.v.) follow over the first days after 
chemotherapy, as long as needed. 
Several studies have proven a significant increase in the tolerance of cytostatic 
agents and in the antiemetic efficacy of 5-HT3-receptorantagonists, when combined 
with glucocorticoides.(457;458) Therefore 8 mg Fortecortin® i.v. (active ingredient: 
Dexamethason) should be applied before the cytostatic application as well as 4 mg of 
Fortecortin® p.o. twice a day during the following 2-3 days, if needed. However, the 
immunosuppressive effect of glucosteroids should be considered.  

5.11.4  Premedication with Docetaxel 
In order to prevent nausea/vomiting and especially to reduce the docetaxel related 
tendence to develop fluid retention, the following dexamethason application scheme 
should be followed: 

Day before chemotherapy:   Dexamethason (Fortecortin, e.g.)  8 mg  p.o. twice 
a day 

Day of chemotherapy:   Dexamethason 8 mg i.v. 15 min. before 
chemotherapy 

                Dexamethason 8 mg p.o. at night 
Day after chemotherapy:   Dexamethason (Fortecortin, e.g.)  8 mg  p.o. twice 

a day 
 

5.12 Efficacy and Safety Evaluations 

5.12.1  Efficacy 

Examinations during the study 

No more than 2 weeks before enrolling into the study, the disease status of each 
patient will be assessed with the following procedures: 
 Medical history and physical examination, including measurements of height and 

weight. 
 Evaluation of performance status (ECOG scale). 
 Quality of Life (Qol) questionnaires EORTC QLQ-C30 and QLQ-BR23 completed 

by the patient, not to be repeated before the first cycle of therapy. 
 Electrocardiography (EKG) 
 Laboratory tests: 

1. Hemoglobin, WBC, neutrophils and platelets (differencial blood count) 
2. Bilirubin, liver enzymes (GOT,GPT), gamma-GT, creatinine, potassium, 

sodium, PTT, INR, albumine and protein. 
3. Pregnancy test in premenopausal women 

No more than 5 weeks before enrolling into the study, each patient will be assessed 
by the following radiological tests: 
 Chest x-ray (two dimensional) 
 Whole body bone scan 
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 Ultrasound of the liver 

At the stated intervals during the study, efficacy will be examined in each patient by 
the following evaluations: 
 1- 2 x per week (whole duration of chemotherapy): 

–     white blood count  
 Before every therapy cycle: 

–     Limited medical history and physical examination, including toxicity 
assessment. 
–    Weight measurements. 
– Clinical laboratory tests mentioned in points 1-2 above (exclusive PTT, INR, 

albumine and protein, if not clinically relevant) 
– Type and number of units required for transfusions at every cycle 
– Toxicity rating using the NCI CTX scale 
–    Performance status evaluation. 
–    QoL EORTC QLQ-C30 and BR23 by the patient before chemotherapy is 
administered and other assessments are discussed with the patient (only before 
course 5 in Arm A and course 4 in Arm B) 

 4 weeks after the last application of chemotherapy: 
– Clinical laboratory tests mentioned in points 1-2 above 
– QoL EORTC QLQ-C30 and BR23 by the patient  
– Limited medical history and physical examination, including toxicity 

assessment. 
– Evaluation of performance status (ECOG scale). 

 6 weeks after the end of radiotherapy: 
– QoL EORTC QLQ-C30 and BR23 by the patient  
– Limited medical history and physical examination, including toxicity 

assessment. 
– Evaluation of performance status (ECOG scale). 

 6 months after the last application of chemotherapy: 
– QoL EORTC QLQ-C30 and BR23 by the patient  
– Limited medical history and physical examination, including toxicity 

assessment. 
– Evaluation of performance status (ECOG scale). 

A summarized schedule of necessary examinations can be found in the appendix of 
this protocol. 
 
5.12.1.1 Efficacy Criteria 
A panel of independent experts may evaluate the response of each enrolled patient 
by applying standard oncological criteria.(459) The measurability of a tumor is 
defined as follows: 

Objective status (to be recorded at each evaluation) 
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To confirm any of the following disease assessments, repetition of the respective 
examination and determination of the status is required after 4 weeks, i.e. all 
responses must be documented to last at least 4 weeks to be considered as valid. 
 Free of Recurrence: There are no clinical or radiological signs of tumor growth 

either in the region of the primary tumor or at any distant sight. 
 Local Recurrence: Local recurrence is defined as any relapse in the area of 

surgery between the sternum and the anterior axillary line, below the inferior 
clavicular fossa, and above the 7th rib. Tumor recurrence at one of the pectoral 
muscles or at the fascias of the serratus lateralis muscle or the oblique externus 
muscle is also considered as local recurrence. 

 Regional Recurrence: Relapse infiltrating the skin and/or involving the axillary 
lymph nodes, or the metastatic infiltration of the nodules in the infraclavicular 
fossa, is considered a regional recurrence.(460) 

 Distant Metastases: Patients with relapsing tumor outside the above mentioned 
sights are considered to have distant disease. 

 Cancer Associated Death: Only death which can be clearly associated with 
conditions attributed to the malignant disease, such as distant disease, will be 
considered as cancer associated death. 

The analyses will be performed as an intention to treat analyses, not excluding those 
patients who discontinue from the study for any given reason. 
 
5.12.1.2 Definition of Efficacy Measures 
Survival free of progression is defined as the time from the date of randomization to 
the date of diagnosis of locoregional recurrence or distant metastases. Locoregional 
recurrence is defined as any relapse in the area of primary surgery and/or ipsilateral 
regional axillary lymph nodes including the nodules of the infra- or supraclavicular 
fossa. Any other tumor manifestation is defined as distant disease. 
Additionally, analyses for overall survival as the time from the date of randomization 
to the date of death associated with cancer related causes and from any other cause 
will be performed, as well as the evaluation of all other secondary study objective. 
 

5.12.2  Safety 
Investigators taking part in the SUCCESS study are responsible for monitoring the 
safety of patients who have entered this study and for alerting the study coordinator 
board to any event that appears beyond the expected spectrum of adverse effects 
(compare relevant section). 
The investigator is responsible for appropriate medical care of study participants 
during the study in connection with protocol procedures. 
After a study participant’s completion of or discontinuation from the study, the 
investigator remains responsible to follow adverse events that are serious or that 
caused the study participant to discontinue before completing the study. 
 
5.12.2.1 Clinical Adverse Events 
For most accurate documentation of the safety of the therapy, a clinical trial adverse 
event is any unexpected medical occurrence in a patient who received a relevant 
pharmaceutical product.  
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The lack of drug effect is not an adverse event in this trial, since the purpose of this 
study is to establish the degree of efficacy. 
Initially, study site personnel will question each patient and will note the occurrence 
and nature of presenting condition(s) and any pre-existing condition(s). During the 
study, site personnel will question the patient and will note any change in the 
presenting condition(s), any change in the pre-existing condition(s) and/or 
occurrence and nature of any adverse events. 
 

5.12.2.1.1 Adverse Event Reporting Requirements 

All adverse events, without exception, must be reported in the clinical report forms 
(CRF). The reporting of all serious adverse events is described in chapter 5.12.2.1.2. 
If a patient’s dosage is reduced or if a patient is discontinued from the study because 
of any significant laboratory abnormality, inadequate response to treatment, or any 
other reason, study site personnel must report and clearly document the 
circumstances and data leading to any such dosage reduction or discontinuation. 
Adverse events other than serious adverse events are assessed within the toxicity 
section in the documentation forms. 
 

5.12.2.1.2 Serious Adverse Events 

The study investigators will inform the study coordinator board immediately by 
telephone (089-5160-4170) or fax (089-5160-4715) of any serious adverse event. 
The study coordinator board will inform cooperating study sites and the 
pharmaceutical product supplier of any serious adverse event immediately thereafter. 
Serious adverse events will be collected after the patient has been randomized and 
receives study drug. If a patient suffers a serious event after signing the informed 
consent, but prior to receiving study treatment, the event will not be collected unless 
the investigator feels the event may have been caused by a protocol procedure. 
 
Adverse events are considered serious, if one of the following criteria is met: 
 Death 
 Prolonged inpatient hospitalization 
 Substantial or permanent disability 
 Cancer 
 Congenital anomaly 
 Overdose 
 Significant for other reason. 

Additionally to the immediate report by telephone, Adverse Event Forms supplied by 
the study coordinator board (see appendix) must be completed whenever a serious 
event occurs -regardless of its causal relationship to the study treatment - and sent to 
the study secretary. After thirty days post discontinuation, investigators should report 
only serious adverse events that are believed to be causally related to study 
treatment. 
 
All serious adverse events, without exception, must be reported to the study 
coordinator board within 24 hours: 
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Study Office 
 
Frauenklinik Innenstadt, Klinikum der LMU München,  
Maistr. 11, 80337 München 
z.H. Fr. N. Bleier and S. Dondl 
Phone:   089 - 5160 - 4111 / - 4170 
Fax:       089 - 5160 - 4547 
eMail: SUCCESS@fk-i.med.uni-muenchen.de 
 
 

5.12.3  Additional translational research investigation 

5.12.3.1 Peripheral Blood Sampling 
Samples are collected in tubes containing 50 ml peripheral blood. 
Blood samples will collected at four time points of treatment: 

• Before the start of chemotherapy 
• After completion of chemotherapy, before the start of endocrine treatment 
• After two years of endocrine and zoledronate treatment 
• After five years of endocrine treatment  

The blood samples will be examined for the following markers: 
4. Tumor markers CA 15-3 and CA 25-29 
5. Detection of isolated tumor cells, using the immunocytochemical approach 

described above 
6. Additional translational research question, which will be appropriate to 

investigate the the question of persisting minimal residual disease. 
In case, the test of points 1 or 2 exceed the normal range within two fold in two 
subsequent tests, the center and the patient will be informed to trigger intensified 
metastases screening as defined above. 

5.12.4 Quality of life assessment 
In oncology there is special need to assess the patient’s quality of life during and 
after treatment. Optimally the efficacy of the chemotherapy and the toxicity/quality of 
life should be well balanced. In this study we use the EORTC QLQ-C30, combined 
with the special modul for breast cancer EORTC QLQ-BR23. These questionnaires 
should be filled in by the patient itself before each cycle, one month after the last 
cycle and at any follow-up visit. 
The completion or neglect of completion of the questionnaires has to be documented 
in clinical report form of the relevant cycle. 
 

5.12.5  Follow-up 
The patients should attend the oncology out-patient department of the institution 
according to clinical necessities but at least every 3 months for the first three years. 
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During the subsequent three years, the follow-up visits should be scheduled every 6 
months, and yearly thereafter. Follow-up will include clinical examination at each visit 
as well as mammography every 12 months. Chest radiography, ultrasonography of 
the liver, bone scan, and blood tests, as well as computed tomography of the 
appropriate region, should be performed according to tumor manifestation and/or 
symptoms. If patients sought care elsewhere, data will have to be collected from the 
family physicians or gynecologists in charge. Please note requirements about 
efficacy measures depicted in the relevant section of this protocol. 
If the testing of the peripheral blood samples indicates increased risk for relapse, as 
specified in the relevant section, the participating study center and the patient will be 
informed and intensified follow-up will commence. The intensified follow-up program 
includes: 

• Chest radiography 
• ultrasonography of the liver 
• bone scan, 
• continued peripheral blood sampling 

repeated at 3 month intervals until relapse is detected or the repeated blood 
sampling shows at least 2 blood results within the defined normal range. 
 

5.12.6  Safety Monitoring 
The steering committee will monitor safety data throughout the course of the study. 
 
 

5.12.7  Appropriateness and Consistency of Measurements 
All efficacy and safety assessments included to answer the primary and secondary 
study objectives used in this study are standard for an oncological trial. These 
include the time to progression after randomization, overall survival time after 
randomization and toxicity. 
The EORTC QLQ-C30 and BR23 questionnaires have been validated in multiple 
languages and been tested for reliability, sensitivity to change and cross-cultural 
validation.(461) The EORTC QLQ-C30 and BR23 questionnaires will be supplied to 
all study sites in native language. Collection of quality of life data will not interfere 
with the routine collection of adverse events. 

5.13 Patient Disposition Criteria 

5.13.1  Discontinuations 
A patient will be discontinued from the study under the following circumstances: 
 If there is evidence of progressive disease  
 If the attending physician believes that a different therapy would be in the best 

interest of the patient 
 If the patient requests discontinuation 
 If the drugs exhibit unacceptable toxicity 
 If any toxicity requires a dose reduction of more than 50% or an interval 

prolongation of more than 2 weeks for the next cycle, unless approved by the 
study coordinators. 
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 If any other cytotoxic or other anti-neoplastic treatment (except the one mentioned 
in the protocol) is required during the study. 

If a patient is excluded from the study for any of the above mentioned reasons, the 
following examinations should be performed: 
 Limited medical history and physical examination, including toxicity assessment. 
 Evaluation of performance status (ECOG scale). 
 Quality of Life (Qol) questionnaires EORTC QLQ-C30 and QLQ-BR23. 
 Clinical laboratory tests: 
• Hemoglobin, WBC, neutrophils and platelets (differencial blood count) 
• Bilirubin, liver enzymes (GOT,GPT), gamma-GT, creatinine, potassium, 

sodium, PTT, INR, albumine and protein. 
 

5.13.2  Study Extensions 
No extensions are planned in the study. If there will be any extensions not planned at 
the time of the start of the study, they have to be approved exclusively by the 
sponsor, the advisory board, the study coordinator board and the ethical review 
board. 

5.14 Compliance 
Epirubicin, docetaxel, fluorouracil, zoledronate, gemcitabine and the 
cyclophosphamide medication, and therefore all main investigational drugs, will be 
administered intravenously only at the investigational sites. Therefore, patient 
compliance is ensured. Patients who return for follow-up visits will receive study 
drugs unless they are encountering toxicity problems or their disease has 
progressed. 
 

5.15 Quality Assurance 
To ensure accurate, complete, and reliable data, the study coordinator board will: 
 Provide instructional material to each study site (following GCP) 
 Perform and sponsor study meetings before the start of the study and at least 

once a year following to instruct the investigators. These meetings will prove 
instruction in all sections of the protocol, the completion of the clinical report forms 
and study procedure 

 Make periodic visits to the study site at least once per year and compare the 
information contained in the clinical report forms with the original patient records 
(random sampling monitoring by the company Alcedis. Periodic reports by the 
monitoring company will be addressed to the study office and the sponsor 
Aventis. 

 Be available at any time for consultation and in contact with the study site 
personnel by mail, email, telephone or fax 

 Review and evaluate clinical report data and will use standard computer edits to 
detect errors in data collection 

 
To ensure accurate, complete, and reliable data, the study investigator board will: 
 Keep records of laboratory tests, clinical notes and the patients records in the 
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patient’s files as original source documents for the study. 
 Keep a list of all registered and randomized patients in order to identify them 

properly. 
 Fill in the clinical report forms (following GCP) 

The study may be audited by the study monitor and/or regulatory agencies at any 
time. 
 
The sponsor reserve the right of  the disqualification of any study center which is 
conducting the study in non-conformance to the protocol or violating any of the 
ethical or legal principles. 
 

5.16 Patients’ Insurance 

A patients’ insurance (HDI Konzern, Insurance Police Number 20-003245-03123-
390) will cover study related adverse events as depicted in the insurance contract. 
The insurance coverage will comprise all study sites which comply with all study 
regulations. Patients have to contact the study site immediately in case of any 
medical problem as described in the patients’ declaration. 
 

6 Statistical Methods 

6.1 Sample Size 
This is an open-label, multicenter, 2x2 factorial design, randomized controlled, Phase 
III study comparing the disease free survival after randomisation in patients treated 
with 3 cycles of Epirubicin-Fluorouracil-Cyclophosphamide(FEC)-chemotherapy, 
followed by 3 cycles of Docetaxel(D)-chemotherapy versus 3 cycles of Epirubicin-
Fluorouracil-Cyclophosphamide(FEC), followed by 3 cycles of Gemcitabine-
Docetaxel(DG)-chemotherapy, and to compare the disease free survival after 
randomisation in patients treated with 2 years of Zoledronate versus 5 years of 
Zoledronate in patients with early primary breast cancer. 
 
The primary objectives of this trial are:  
 

 The first primary objective of this study is to compare disease free survival 
after randomisation in patients treated with a combination of 5-
FU/Epirubicin/Cyclophosphomide followed by Docetaxel (Arm A1)vs. 5-
FU/Epirubicin/Cyclophosphomide followed by Docetaxel/Gemcitabine (Arm 
A2) 

 
 The second primary objective of this study is to compare disease free survival 

after randomisation in patients with Zoledronate x 5a (Arm B1) vs. Zoledronate 
x 2a (Arm B2). 

 
The following assumptions are made: 
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• The DFS at 5 years of patients receiving FU/Epirubicin/Cyclophosphomide 
followed by Docetaxel (Arm A1) is 78,3%. 

 
• There will be an absolute of 4% improvement in 5-year DFS (i.e. an increase 

from 78,3% to 82,3% ) for patients receiving FU/Epirubicin/Cyclophosphomide 
followed by Docetaxel/Gemcitabine (Arm A2).  

 
• There will be the same improvement in 5-year DFS  for patients receiving 

Zoledronate x 5a (Arm B1) in relation to patients receiving Zoledronate x 2a 
(Arm B2).  

 
• The error rate for a false positive outcome (α) is set to 5%, using two-sided 

significance tests.  
 

• The error rate for a false negative outcome (ß) is set to 20%, i.e. the power of 
the trial is set to 80%.  

 
• The common exponential drop out rate over whole duration of the study is 

10%.  
 

• The accrual period during which patients enter the study is 60 months (5 
years).  

 
• The follow-up period from the end of accrual until the analysis of the data is 36 

months (3 years).  
 
To confirm the absolute increase of DFS-rates at 5 years by 4% from 78,3% to 
82,3%  for patients from therapy arms A1 /A2 by a  two-sided log rank tests,  a total 
of  N=743 events are needed. The total number of  patients to be included into the 
trial is equal to N=3658 (i.e. 1829 patients per arm, assuming both 1:1 randomization 
and common exponential drop-out rate over whole duration of the study of 10%).  
An overview on the relation of total sample size calculated to different values of 
clinically significant difference (4% - 6%) and to the length of the follow-up period (3, 
5, 8 years) is given in the following table. 
 
α =0,05% and β=20% (Power = 80%),  expected drop-out rate=10%, accrual = 5 
years 
 
Two-sided log-rank test (preferred by regulatory authorities) 
Sample Size + FU = 3 years + FU = 5 years + FU = 8 years 

Δ DFS = 4% (78,3% → 82,3%) #  events =  743
# pat= 2 x 1829 

#  events =  
743 

# pat= 2 x 
1397 

#  events =  743
# pat= 2 x 1060 

Δ DFS = 5% (78,3% → 83,3%) #  events =  444
# pat= 2 x 1131 

#  events =  
444 

# pat= 2 x 863 

#  events =  444
# pat= 2 x 654 



 

                   SUCCESS-Trial, Version 1.2, 15.8.2005  Page 117 

Anschrift:   D-80337 München  •  Maistraße 11  •  Telefon (0 89) 51 60-4111 (Vermittlung)  

Δ DFS = 6% (78,3% → 84,3%) #  events =  297
# pat= 2 x 783 

#  events =  
297 

# pat= 2 x 596 

#  events =  297
# pat= 2 x 451 

 
 
All sample size calculations were obtained using the software nQuery Advisor ® 5.0. 
 

6.2 Interim Analyses 

Safety data will be monitored on an ongoing basis and will be particularly reviewed 
from a safety perspective when 20, 50 and 100 patients in each arm have received 
three cycles and six cycles of therapy. If the study medication is tolerated, the study 
will be continued as planned. In case of unexpected toxicity the advisory board will 
be informed. 

Efficacy interim analyses will be performed after 50% and 75% of the expected 
events of recurrence for the primary objective, the difference in the disease free 
survival after randomisation in patients treated with 3 cycles of Epirubicin-
Fluorouracil-Cyclophosphamide(FEC)-chemotherapy, followed by 3 cycles of 
Docetaxel(D)-chemotherapy versus 3 cycles of Epirubicin-Fluorouracil-
Cyclophosphamide(FEC), followed by 3 cycles of Gemcitabine-Docetaxel(DG)-
chemotherapy have emerged.  

 

6.2.1 Adjustment of significance levels 

The level of significance will be adjusted according to a group sequential design with 
two efficacy interim analyses after occurrence of 50% and 75%, with the alpha 
spending function as proposed by Lan – DeMets(462) and with alpha-levels for the 1st, 
2nd and fnal analysis as proposed by O’Brien and Fleming(463). The respected 
adjusted alpha-levels for the 1st, 2nd and fnal analysis will be set to alpha1=0.00052, 
alpha2=0.01411 and alpha3=0.04507. 

 

6.2.2 Premature Discontinuation – Early Stopping Rules 
In accordance with the advisory board and the independent data monitoring board, 
the study might be discontinued if any of the following reasons are present: 
 If patients’ recruitment is insufficient, that is, if the recruitment is < 250 patients 

per year. 
 If due to unexpected events the continuation of the study is not acceptable 

(ethical, medical or pharmaceutical legal aspects). This will be particularly the 
case, if the incidence of therapy associated fatal complications will exceed 2 % of 
the enrolled patients at any given time. Febrile neutropenia will leed to the 
premature discontinuation of the study, if it occurs in > 30% of the cases in any or 
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both treatment arms. The study will also be prematurely discontinued, if the 
incidence of acute leukemia cases exceeds 2 % during the observation time of 
the study. 

 Superiority of one of the treatment arms in terms of the primary or secondary 
endpoints of this study, as indicated by statistical significance adjusted for the 
interim analyses (see 6.2 for details). 

 

6.3 Data Analyses 

6.3.1 Independent Data and Safety Monitoring Board 
An Independent Data and Safety Monitoring Committee will be attached to the 
randomized clinical trial and charged with the responsibility of monitoring 
performance of the trial, safety of the participants, and efficacy of the treatments 
being tested.(464;465) The necessity of a DSMB stems from the ethical imperative to 
dissociate the treating physician from the accruing data in order to maintain a 
legitimate “state of equipoise” regarding the therapies being studied and to remove 
those with vested interest in specific treatment from deciding whether the trial should 
continue.  
The duties of the Independent Data and Safety Monitoring Committee will comprise 
monitoring the following: 

• Recruitment, retention 
• Protocol violations 
• Identify need for additional data to clarify endpoints 
• Identify problems with the study assumptions used for planning and design 

(e.g., sample size reviews) 
• If interim data indicate an intervention is harmful, the trial may be stopped. 
• If interim data demonstrate a clear benefit from an intervention, the trial may 

be stopped. 
The Independent Data and Safety Monitoring Committee will comprise a Chair and 
multidisciplinary member, including clinician(s), statistician(s), an ethicist, a clinical 
trialist and an executive secretary. 
 

6.3.2 General Considerations  
Before an analysis or interim analysis is done, an analysis plan will be written, that 
contains details on all analyses to be performed (final version before data base lock).  
All analyses of explorative nature are based on a 5%-significance level. 95%-
confidence intervals will be constructed for parameters to be estimated. 

Frequency tables will be generated for qualitative variables. Quantitative parameters 
will be described by mean values, standard deviation, minimum, median, and 
maximum.  

Inferential analyses on the primary efficacy variable “time to progression”will be 
performed using the log-rank- tests.  

The adjusted alpha-levels for the 1st, interim analysis will be set to alpha1=0.00052, 
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the respective level of the 2nd interm analysis will be alpha2=0.01411 and the 
adjusted alpha-level for the fnal analysis will be set to alpha3=0.04507. 

Cox’s regression analysis will be used to explore the influence of other variables on 
the TTP.(466) To compare categorical variables, we will use the χ2-test or Fisher’s 
exact test if appropriate according to the number of cases. The Mann-Whitney U test 
will be used to calculate the differences in location of continuous variables between 
the two treatment regims.  

P values of less than .05 for all analyses of explorative nature and secondary efficacy 
variables will be considered significant in two-sided tests. Variance analytic models 
can be used for adjusting results by other parameters.  

6.3.3 Study Populations 
The analyses will be performed on data from qualified patients, who meet the 
following conditions: 
 All patients who receive at least one dose of study medication will be evaluated 

for safety.  
 All enrolled patients will be evaluated for efficacy.  
 All enrolled patients who have completed a baseline and at least one post-

baseline EORTC QLQ-C30 and BR23 questionnaires will be qualified for the 
quality of life analysis. 

 All patients in whom had at least one peripheral blood samples were collected 

6.3.4 Patient Disposition 

A detailed description of patient disposition will be provided. It will comprise: 
 A definition of patient qualification 
 A summary of data on patient discontinuation 
 A summary of data on overall qualification status of all patients 
 An account of all identified protocol variations. 

All patients entered in the study will be accounted for in the summation. The number 
of patients who do not qualify for the analysis, who die, or who discontinue from the 
study before treatment begins, will be specified. 

6.4 Patient Characteristics 
Patient characteristics will include a summary of the following: 
 Patient demographics 
 Baseline disease characteristics 
 Pre-existing conditions 
 Historical illness 
 Prior treatment 
 Concomitant medication 

Other patient characteristics will be summarized as found appropriate. Differences in 
patient characteristics between treatment groups will be checked. 



 

                   SUCCESS-Trial, Version 1.2, 15.8.2005  Page 120 

Anschrift:   D-80337 München  •  Maistraße 11  •  Telefon (0 89) 51 60-4111 (Vermittlung)  

6.4.1 Efficacy Analyses 
A log-rank test is used to perform confirmatory testing on the primary objective, the 
difference in the disease free survival after randomisation in patients treated with 3 
cycles of Epirubicin-Fluorouracil-Cyclophosphamide(FEC)-chemotherapy, followed 
by 3 cycles of Docetaxel(D)-chemotherapy versus 3 cycles of Epirubicin-Fluorouracil-
Cyclophosphamide(FEC), followed by 3 cycles of Gemcitabine-Docetaxel(DG)-
chemotherapy,and to compare the disease free survival after randomisation in 
patients treated with 2 years of Zoledronate versus 5 years of Zoledronate in patients 
with early primary breast cancer. The global two-sided significance level is set to α=0. 
04507 for the final analysis.(467) 
On a 5%-significance level, additional exploratory testing will be performed on the 
difference between the two treatment groups according to the secondary objectives 
of this study: 

 Overall survival time after randomization 
 Toxicity 
 Changes in quality of life over time as defined by EORTC QLQ-C30 and 

BR23 questionnaires 
 The predictive and prognostic value of markers in peripheral blood, as 

specified in the translational research program 
 Effect on the presence of disseminated tumor cells in bone marrow in 

peripheral blood 
 Subgroup analyses for the above mentioned criteria in terms of tumor size, 

axillary lymph node status, histopathological grading, HER2-status, 
menopausal status and interaction between the randomizations 

 Additional analyses as regarded necessary and informative 
 

6.4.2 Safety Analyses 
All patients who are treated with at least one cycle of study medication will be 
evaluated for safety. Safety analyses will include the following: 

 Summary of the type and number of transfusions required 
 Summary of the adverse event rates and laboratory changes 
 Summary of the number of NCI CTC toxicity grades 

6.5 General Considerations 
The interpretation of study results will be the exclusive responsibility of the sponsor 
Prof. Dr. H. Sommer. The sponsor Prof. Dr. H. Sommer also will be responsible for 
the appropriate conduct of an internal review process for both the final study report 
and any study-related material for publication. Any data analysis and publication 
activity outside the Frauenklinik Innenstadt, Klinikum der LMU Munich has to be 
approved by the Steering Committee. 
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7 Informed Consent, Ethical Review, Regulatory 
Considerations, Legal and Administrative Regulations 

7.1 Informed Consent 
The informed consent document will be used to explain in simple terms, before the 
patient is entered into the study, the risks and benefits of the study to the patient. The 
informed consent document must contain a statement that the consent is freely 
given, that the patient is aware of the risks and benefits of entering the study, and 
that the patient is free to withdraw from the study at any time. 
The investigator is responsible to see that informed consent is obtained from each 
patient and for obtaining the appropriate signatures and dates on the informed 
consent document prior to the performance of any protocol procedures and prior to 
the administration of any study drug. Informed consent for the SUCCESS 
chemotherapy trial has to be obtained prior to the performance of any protocol 
procedures and prior to the administration of any study drug.  

7.2 Ethical Review 
The study and the informed consent document has been accepted by the ethical 
review board (Ethikkommission der Medizinischen Fakultät der Ludwig-Maximilians-
Universität München), project number xxx/05 (see appendix).  
The ethical review board agreed to monitor the conduct of the study and agreed to 
review it periodically. The study coordinators will provide all study centers with 
information about any revisions to the informed consent document or amendments to 
the protocol. Furthermore the study coordinators must sent a copy of the SAE to the 
ethical review board and report the premature or regular study discontinuation. 
The study centers themselves are responsible to inform the local ethical review board 
about the study and to get approval prior to patient’s inclusion.  
 

7.3 Regulatory Considerations 
This study will be conducted in accordance with the ethical principles stated in the 
most recent version of the Declaration of Helsinki and the applicable guidelines of the 
International Conference on Harmonization Good Clinical Practice Guideline 1998, 
whichever represents the greater protection of the individual.  
After reading the protocol, each principle investigator/ investigator will sign two 
protocol signatures pages and return one of the signed pages to the study 
coordinators (compare later chapter). 
 

7.4 Legal and administrative regulations 

7.4.1 Good Clinical Practice 

The guidelines of Good Clinical Practice (GCP), valid since 17/01/1997, will be 
applied. 
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The study will be officially registered at the ‘Regierung of Oberbayern’.  
The study sites are responsible for submitting the protocol to their responsible 
department of government and administration. 

The sponsor of this study, Prof. Dr. H. Sommer is board certified gynecologist with a 
Ph.D. degree in gynecology, gynecological oncologist, certified radiologist and 
certified radiotherapist. He is nationally and internationally renowned scientist with 
longstanding experience in clinical science. 

7.4.2 Patients’ identification list 
All patient related data will be assessed anonymously. Each patient will be clearly 
identified through the patient number, her initials, and date of birth. The investigator 
is keeping this list confidentially. 
 

7.4.3 Storage of study documents 
The originals of all study documents including documentation forms must be stored in 
the study office and the statistical center, respectively, for at least 15 years after the 
final report has been assessed. The study office has to store all administrative 
documents concerning the study (correspondence with ethical review boards, 
regulation surveys, study coordinator board), the  contracts with the Principle 
Investigator of each study site and the sponsors,  the documentation forms, the 
Serious Adverse Event forms, general study documentation (protocol, amendments) 
and the monitoring reports. The statistical center will store the randomization forms of 
all patients. Monitoring reports on each monitor visit will be stored at the CRO. 
The Principle Investigator of each study site has to store all administrative documents 
concerning the study (correspondence with ethical review boards, regulation surveys, 
study coordinator board), the patients’ identification list, the signed informed consent 
documents, copies of the documentation forms and the general study documentation 
(protocol, amendments) for the above mentioned time period. 
 

7.4.4 Financiation 
The overhead of the study is partly supported by the pharmaceutical companies 
Sanofi-Aventis, AstraZeneca, Novartis, Lilly and Chugai. 
Participating Study Centers will be compensated with 600,-€ documentation 
honorary/patient (plus sales tax) for the complete documentation, including follow-up, 
electronic data documentation and complete blood sample supply.  
 

A reduction of the honorary of 100€ will be applied for each of the following 

conditions met: 

• The documentation is not provided in electronic form, 
• the third blood sample is omitted or 
• the forth blood sample is omitted 
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7.4.5 Amendment 
Because clinical knowledge is changing over time, there is the possibility of adding 
amendments to the protocol at any time. These amendments always have to be 
approved by the sponsor, the advisory board, the study coordinator board and the 
scientific committee. The ethical review board will be informed about any changes in 
the protocol. 
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8 Appendix 

8.1 German Protocol-synopsis 
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SSUUCCCCEESSSS--SSttuuddiiee  

 
Multizentrische, prospektiv randomisierte Phase III Studie zum Vergleich von FEC-

Doc-Chemotherapie versus FEC-DocG-Chemotherapie, sowie 2 oder 5 Jahre 
Zoledronattherapie in der adjuvanten Therapie von Patientinnen mit Brustkrebs: 

SUCCESS-STUDIE 
 

(A Prospectively Randomized Phase III Trial, studying the benefits of adjuvant 
sequential vs. combined taxan based chemotherapy and different durations of 

Zoledronate treatment in early breast cancer: SUCCESS-Trial) 

 
 

8.1.1. Zielsetzung der Studie 

Hauptzielkriterium: 
Das primäres Studienziel ist der Vergleich der rezidivfreien Überlebenszeit nach 

Randomisierung von Patientinnen, die adjuvant 3 Zyklen Epirubicin-5-Fluorouracil-

Cyclophosphamid(FEC)-Chemotherapie, gefolgt von 3 Zyklen  Docetaxel (D)-Chemotherapie 

versus 3 Zyklen Epirubicin-5-Fluorouracil-Cyclophosphamid(FEC)-Chemotherapie, gefolgt 

von 3 Zyklen Gemcitabine-Docetaxel (DG)- Chemotherapie erhalten, sowie der Vergleich der 

rezidivfreien Überlebenszeit nach Randomisierung von Patientinnen, die 2 Jahre versus 5 

Jahre mit Zoledronat behandelt werden. 

Die sekundären Zielkriterien dieser Studie sind der Vergleich der folgenden Punkte in den 

vier Behandlungsarmen: 

- Gesamtüberleben nach Randomisation 
- Fernmetastasenfreies Überleben 
- Toxizität 
- Änderung der Lebensqualität definiert nach EORTC QLQ-C30 und QLQ-BR23 

 

Zusätzliche Fragestellung: 

- Skelettbezogene Ereignisse 
- Häufigkeit von Zweitkarzinomen 
- Ergebnisse des translationalen Forschungsprogrammes  
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Zusätzliche wissenschaftliche Fragestellungen:  
- Prädiktiver und prognostischer Wert minimaler Residuen im peripheren Blut  

(siehe Protokoll), sowie anderer MRD-Marker 

 

8.1.2. Einschlusskriterien 

• Primäres epitheliales invasives Mammakarzinom pT1-4, pM0  
• Histologischer Nachweis axillärer Lymphknotenmetastasen pN1-3  oder nodal negative 

high-risk Patientinnen N0/X, definiert als pT >2 oder histopathologisches Grading 3 oder 
Alter ≤ 35 oder negativer Hormonrezeptorstatus 

• R0-Resektion des Primärtumors (Resektionsränder frei von invasiven Karzinomanteilen), 
vor maximal 6 Wochen 

• Frauen älter als 18 Jahre 
• Allgemeinzustand ≤ 2 auf der ECOG-Skala 
• Adäquate Knochenmarksreserve: Leukozyten ≥ 3.0 x 109/l und Thrombozyten ≥ 100 x 

109/l 
• GOT, GPT und Alkalische Phosphatase innerhalb 1,5-fachem Normalwert des jeweiligen 

Referenzlabors 
• Gewährleistung regelmäßiger Nachsorge während der Studiendauer 
• Verständnis des Studienkonzepts und schriftliche Einverständniserklärung 
 

8.1.3. Ausschlusskriterien 

• Inflammatorisches Mammakarzinom 
• Vorangegangene oder gleichzeitige Therapie mit anderen zytotoxischen oder 

antineoplastischen Medikamenten, die nicht innerhalb dieses Protokolls vorgesehen sind 
• Vorgeschichte von Erkrankungen mit Einfluss auf den Knochenstoffwechsel wie z.B. M. 

Paget und primärer Hyperparathyreoidismus 
• Vorausgegangene Behandlung mit Bisphosphonaten innerhalb der letzten 6 Monate 
• Eingeschränkte Nierenfunktion nachgewiesen durch berechnete Creatinin-Clearance von 

≤ 30 ml/min, berechnet nach der Cockcroft-Gault-Formel: 

CrCl: 
)/(*72

85,0*)(*)(140
dlmgKreatininSerum

kgGewichtJahreAlter
−

−
 

• Zweitkarzinom (außer In-situ-Karzinom der Cervix uteri oder adäquat behandeltes 
Basaliom) 

• Manifeste kardiale Vorschädigung (Kardiomyopathie mit verminderter Ventrikelfunktion 
(NYHA > II), therapiebedürftige Arrhythmien mit Einfluss auf die LVEF, Z.n. 
Myokardinfarkt oder Angina pectoris innerhalb der letzten 6 Monate, medikamentös nicht 
eingestellter Hypertonus) 

• Jede bekannte Überempfindlichkeit gegenüber Docetaxel, Epirubicin, Cyclophosphamid, 
Fluorouracil, Gemcitabin oder sonstiger Studienmedikamente  

• Behandlung mit einem zu untersuchenden Medikament in den letzten 3 Wochen vor 
Studienbeginn 

• Patientinnen in Schwangerschaft oder Stillzeit (bei prämenopausalen Frauen muss 
Kontrazeption gewährleistet werden: Intrauterinpessare, operative Sterilisation oder, nur 
in hormonrezeptornegativen Mammakarzinompatientinnen, orale, subkutane oder 
transvaginale, nicht östrogenhaltige Kontrazeptiva) 
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• Bestehende dentale Beschwerden, Kiefer (Mandibula/Maxilla)- und Zahnentzündungen 
oder akute oder vorbestehende Kiefernekrosen, von exponierten Knochen in der 
Mundhöhle, oder von langsam heilenden Wunden nach Zahnbehandlungen 

• Kürzlich durchgeführte (6 Wochen) oder geplante Zahn- oder Kieferoperationen 
(Extraktionen, Implantate) 

 

 

8.1.4. Studiendesign 

 

 

Erste Randomisation A: 
AA:  5-Fluorouracil 500 mg/m2 und Epirubicin 100 mg/m2 und Cyclophosphamid 
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500 mg/m2 i.v. KOF q3w x 3 

  gefolgt von  

Docetaxel 75 mg/m2 und Gemcitabin 1000 mg/m2 i.v. KOF d1,8 q3w x 3 

 

AB:   5-Fluorouracil 500 mg/m2 und Epirubicin 100 mg/m2 und Cyclophosphamid 

500 mg/m2 i.v. KOF q3w x 3 

gefolgt von  

Docetaxel 100 mg/m2 i.v. KOF q3w x 3 

Zweite Randomisation B: 
BA :  Zoledronat 4 mg i.v.  q3m x 24m 

  gefolgt von 

  Zoledronat 4 mg i.v.  q6m x 36m 

 

BB:  Zoledronat 4 mg i.v.  q3m x 24m 

 

Patientinnen erhalten begleitend zur Zoledronattherapie Calcium 500 mg p.o. qid, sowie 

Vitamin D 400 i.E. qid. 

 

Anschlussbehandlung (nach Abschluss der Chemotherapie): 
Falls Hormonrezeptorstatus positiv (Östrogen- u/o Progesteronrezeptor ≥10%) 

→ Tamoxifen  20 mg/d p.o./d für 2 Jahre  

 

Postmenopausale Patientinnen mit positivem Hormonrezeptorstatus: 

→ nachfolgend  Anastrozol (Arimidex®) 1 mg p.o. für weitere 3 Jahre 

 

Prämenopausale Patientinnen mit positivem Hormonrezeptorstatus: 

→ nachfolgend Tamoxifen  20 mg p.o. für weitere 3 Jahre 

 

bei Kontraindikationen oder Unverträglichkeit gegen Tamoxifen  

→ Anastrozol (Arimidex®) 1 mg p.o. für 5 Jahre 

Falls Hormonrezeptorstatus positiv  

und Patientin  < 40 Jahre oder Menstruation innerhalb von 6 Monaten nach Ende der 

Chemotherapie oder LH < 20 mIE/ml, FSH < 20 mIE/ml und E2 > 20 pg/ml  
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→ zusätzlich Goserelin (Zoladex®) 3,6 mg/ Monat s.c. q4w für 2 Jahre 

 

Bestrahlung: 
Folgdende Patientinnen erhalten obligat eine Radiatio: 

• BET 

• ≥ 4 axilläre Lymphknotenmetastasen 

• Tumoren > 3cm 

• multizentrisches Wachstum 

• Lymph- oder Hämangiosis carcinomatosa 

• Befall der Pektoralisfaszie 

• Sicherheitsabschnitt am Schnittrand < 5mm. 

 

Sequentielle Radiotherapie  nach Abschluss von 50% der Zyklen möglich aus:  

- organisatorischen Gründen 
- patientenbezogenen Gründen 

 

Stratifikation: 

• Lymphknotenstatus 
• Hormonrezeptorstatus (Östrogen- u/o Progesteronrezeptor ≥10%) 
• Histopathologisches Grading 
• Menopausenstatus 
• HER2-neu Status 

 

8.1.5. Behandlungsplan 

 
Arm AA:  

Zyklus 1 – 3: 

Präparat Dosierung Applikationsart Tag 

 5-Fluorouracil (Fluorouracil-GRY)  500 mg/m2 i.v., 10-15 Min. Kurzinfusion Tag 1 

 Epirubicin (Farmorubicin®) 100 mg/m2 i.v., 15 Min. Kurzinfusion Tag 1  

Cyclophosphamid (Endoxan®) 500 mg/m2 i.v., 60 Min. Infusion Tag 1 

 
Zyklus 4 – 6: 
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Docetaxel (Taxotere®) 75 mg/m2 i.v., 60 Min. Infusion Tag 1 

Gemcitabine 1000 mg/m2 i.v., 30 Min. Infusion Tag 1,8 

 

Begleitmedikation Arm AA:   

Zyklus 1 – 3: 

Dexamethason      8 mg – 0  –  0 i.v. 15 Min.  vor der Infusion 

 Mesna 

 (Uromitexan®) 

20% d. Cycloph.-gesamtdosis 

bzw. nach 1. i.v.-Gabe 

40% d. Cycloph.-Gesamtdosis 

i.v. 

p.o.   

0 – 4 – 8 h nach Infusion 

2 + 6 h nach Infusion 

Wiederholung des Zyklus am Tag 22 
 
Zyklus 4 – 6: 

Präparat Dosierung Applikation Tag 

 Dexamethason 

 (z.B. Fortecortin®) 

         8 mg – 0  –  8 mg p.o. Morgens und abends am 

Tag vor der Infusion 

 Dexamethason      8 mg – 0  –  0 i.v. 15 Min.  vor der Infusion 

 Dexamethason        0     – 0  –  8 mg p.o.   abends nach der Infusion 

 Dexamethason          8 mg – 0  –  8 mg p.o.   morgens und abends am 

Tag nach der Infusion 

 
 
Arm AB:  

Zyklus 1 – 3: 

 Präparat Dosierung Applikationsart Tag 

 5-Fluorouracil   500 mg/m2 i.v., 10-15 Min. Kurzinfusion Tag 1 

 Epirubicin  100 mg/m2 i.v., 15 Min. Kurzinfusion Tag 1  

Cyclophosphamid  500 mg/m2 i.v., 60 Min. Infusion Tag 1 

Zyklus 4 – 6: 
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 Docetaxel (Taxotere®) 100 mg/m2 i.v., 60 Min. Infusion Tag 1 

Wiederholung des Zyklus am Tag 22 

Begleitmedikation Arm AB: 

Zyklus 1 – 3: 

 Dexamethason      8 mg – 0  –  0 i.v. 15 Min.  vor der Infusion 

 Mesna 

 (Uromitexan®) 

20% d. Cycloph.-gesamtdosis 

bzw. nach 1. i.v.-Gabe 

40% d. Cycloph.-gesamtdosis 

i.v. 

p.o.   

0 – 4 – 8 h nach Infusion 

2 + 6 h nach Infusion 

Zyklus 4 – 6: 

 Präparat Dosierung Applikation Tag 

 Dexamethason 

 (z.B. Fortecortin®) 

         8 mg – 0  –  8 mg p.o. Morgens und abends am 

Tag vor der Infusion 

 Dexamethason      8 mg – 0  –  0 i.v. 15 Min.  vor der Infusion 

 Dexamethason        0     – 0  –  8 mg p.o.   abends nach der Infusion 

 Dexamethason          8 mg – 0  –  8 mg p.o.   morgens und abends am 

Tag nach der Infusion 

 
 

8.1.6. Allgemeine Empfehlungen zur Therapiedurchführung 

• Jede Begleittherapie, eingeschlossen die Gründe für die Behandlung, Dosierungen und 
Behandlungsdaten, müssen auf dem Dokumentationsbogen aufgeführt sein. 

 

• Beim Auftreten einer Neutropenie Grad 3/4 kann in beiden Therapiearmen fakultativ eine 
prophylaktische orale Antibiose ( z.B. Levofloxacin (Tavanic®) 500 mg p.o. 1 x/tgl., 
Ciprofloxacin (Ciprobay®) 500 mg p.o. 2 x/tgl.,) gegeben werden. Diese wird jedoch auf 
jeden Fall empfohlen, falls die Neutrophilen Granulozyten auf < 0,5 x 109/l abfallen 
(unabhängig von G-CSF-Gabe).  

• Bei jedem Fieber ist unbedingt eine Abklärung (s.u.) erforderlich, jede febrile Neutropenie 
muss stationär mit i.v.-Antibiose behandelt werden! 

• In beiden Therapiearmen sollte eine adäquate Behandlung mit Antiemetika ( 5-HT-3 
Antagonisten, Navoban® 5 mg 2x/tgl. 15 min. vor Infusion) durchgeführt werden. Weitere 
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Gaben (p.o./i.v.) sollten nach Bedarf auch an den folgenden Tagen durchgeführt werden.   

• Bei der Berechnung der Körperoberfläche sollen die aktuelle Körpergröße und das 
Körpergewicht für die Berechnung der Körperoberfläche (KOF) herangezogen werden. 
Bei übergewichtigen Patienten sollte eine maximale KOF von 2m2 zugrunde liegen. 

• Die Behandlung mit G-CSF (Granocyte®) sollte sekundär-prophylaktisch d 5-10 
gegeben werden bei: 

- jeder febrilen Neutropenie 

- Neutropenie < 0,5 x 109/l über mehr als 5 Tage 

- Neutropenie < 0,1 x 109/l 

- Intervallverlängerung wegen Leukopenie  

Tritt eines dieser Kriterien auf, so erfolgt in allen nachfolgenden Zyklen die Gabe von  

G-CSF. 

 

8.1.6.1. Komplikationen während der Neutropenie 

Febrile Neutropenien sollten nach dem NCI-Score beurteilt werden (vgl. 

Dokumentationsbögen). Die Körpertemperatur sollte möglichst als Körperkerntemperatur 

bestimmt werden.  

Kommt es bei einer Patientin zu Fieber (Kerntemperatur > 38.0°C)  im  Rahmen einer 

Neutropenie Grad 3 oder 4, so wird das folgende Vorgehen vorgeschlagen : 

 

1.  Stationäre Einweisung (keine ambulante Antibiotikatherapie!), Umkehrisolation. 

2. Differential-Blutbildkontrolle, stündl. Temperatur-, Puls- und RR-Kontrolle, ggf. Rö.-

Thorax zum Ausschluss einer Pneumonie. Ausführliche körperliche Untersuchung. 

Mikrobiologische Diagnostik (Blutkulturen, Rachenabstrich, Urin, etc.) 

3.  Beginn einer empirischen antibiotischen Therapie mit breiter Abdeckung im 

grampositiven und gramnegativen Bereich,  z.B. 3-fach-Antibiose i.-v. (Gentamycin 

240 mg 1-0-0, Piperacillin 4 g 1-1-1, Combactam 1 g 1-1-1).  

4. G-CSF-Applikation (Granocyte®) 1x tgl.  

 

Nach einer febrilen Neutropenie, die trotz sekundär-prophylaktischer G-CSF-Gabe 
aufgetreten ist, muss die Dosis im nächsten Zyklus um einen Reduktionslevel gesenkt 

werden. In den weiteren Zyklen kann dann wieder ein Therapieversuch mit der 
ursprünglichen Dosis unter sekundär-prophylaktischer G-CSF-Gabe  

vorgenommen werden! 
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8.1.7. Intervallverlängerung 

Der nächste Zyklus kann wegen hämatologischer bzw. nicht-hämatologischer Toxizität um 

maximal 2 Wochen verschoben werden. Voraussetzungen für den neuen Zyklus sind:  

- Neutrophile Granulozyten ≥ 1.5 x 109/l oder Leukozyten ≥ 2.0 x 109/l 
- Thrombozyten ≥ 100 x 109/l 

Bei weiterer Intervallverlängerung muss mit der Studienleitung Rücksprache gehalten 

werden.  

 

8.1.8.  Empfehlungen zur Dosisreduktion 

Randomisation A: 
 

Dosisreduktionsstufen 0 -1 -2 

Fluorouracil 500 mg/m² 400 mg/m² 300 mg/m² 

Epirubicin 100 mg/m² 80 mg/m² 60 mg/m² 

Cyclophosphamid 500 mg/m² 400 mg/m² 300 mg/m² 

Docetaxel (Arm AA) 100 mg/m² 80 mg/m² 60 mg/m² 

Gemcitabin 1000 mg/m² 800 mg/m² 600 mg/m² 

Docetaxel (Arm AB) 75 mg/m² 60 mg/m² 45 mg/m² 

 

Eine weitere Dosisreduktion würde eine insuffiziente Therapie bedeuten, weshalb 

entsprechende Patientinnen aus der Studie ausscheiden. 

 

Randomisation B: 
 

Die Dosis von Zoledronat wird anhand der Creatinin-Clearance reduziert, wenn eine Crea-

Clearance < 60 ml/min auftritt. Zur Bestimmung der Crea-Clearance wird folgende Formel 

verwendet: 

 

CrCl: 
)/(*75

85,0*)(*)(140
dlmgKreatininSerum

kgGewichtJahreAlter
−

−
 

Creatinine Clearance (mL/min)  Zoledronat-Dosierung 
 ≥ 60   4.0 mg 
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 50 - 60  3.5 mg 
 40 -49  3.3 mg 
 30 - 39  3.0 mg 
 

8.1.8.1. Hämatologische Toxizität  

Die Chemotherapiedosis im folgenden Zyklus sollte reduziert werden, falls trotz sekundär-

prophylaktischer G-CSF-Gabe mindestens eine der folgenden hämatologischen Toxizitäten 

auftraten: 

- jede febrile Neutropenie (Temperatur >38.5 °C, Neutropenie < 0.5 x 109/l, 
stationäre Aufnahme und intravenöse Antibiose ) 

- Neutropenie < 0,5 x 109/l über mehr als 5 Tage 
- Thrombopenie NCI-Grad 4 
- Intervallverlängerung wegen Neutropenie 

 

8.1.8.2. Nicht-hämatologische Toxizität  

Toxische Wirkungen werden anhand der Common Toxicity Criteria of the National Cancer 

Institute bewertet. Patientinnen mit einer nicht-hämatologischen Toxizität Grad 0-2 erhalten 

die vorgegebene Gesamtdosis. Falls für ein bestimmtes Symptom keine CTC-Graduierung 

beschrieben ist, sollte die Toxizität in der folgenden Form kategorisiert werden:  

1 = schwach, 2 = mäßig, 3 = schwer und 4 = lebensbedrohlich. 

 

Gastrointestinal  

Mukositis CTC -Grad 3  Reduktion der Chemotherapie um 1 

Stufe 

Mukositis oder Erbrechen CTC -Grad 4  Abbruch der Behandlung 

Neurologisch  

CTC -Grad II Reduktion der Chemotherapie um 1 

Stufe 

CTC -Grad III (intolerable Parästhesien oder 

schlechter) und NCI-Grad IV (Paralyse) 

Abbruch der Behandlung 

Flüssigkeitsretention  

Grad III  Abbruch der Behandlung 

Kardial  
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AV-Block Grad 1, asymptom. Bradykardie, 

isolierte asymptom. ventrikuläre Extrasystolen 

Weiterbehandlung unter kardialem 

Monitoring 

Behandlungsbedürftige Arrhythmie, AV-Block > 

Grad 1, LVEF-Abfall um >20% oder um >10% 

und LVEF unterhalb des Klinikgrenzwertes 

Abbruch der Behandlung 

Pulmonal  

Chemotherapieassoziierte Pneumonie ≥ Grad 2  Abbruch der Behandlung 

Andere gravierende Organtoxizität  

CTC -Grad ≥ 3 (außer Alopezie, Übelkeit und 

Erbrechen) 

Reduktion der Chemotherapie um  

1 Stufe (nach Ermessen des Prüfarztes)

CTC -Grad 4 Abbruch der Behandlung 

 

Sollten schwerwiegende Toxizitäten (Grad III und IV) auch nach Reduktion der 

Chemotherapie-Dosierung auftreten, sollte zur Absprache des weiteren therapeutischen 

Vorgehens Rücksprache mit der Studienleitung genommen werden. 

 

8.1.9.  Begleittherapie 

• Da Übelkeit und Erbrechen regelmäßig nach der Verabreichung der genannten 
Zytostatika auftreten, sollte eine antiemetische Prophylaxe mit 5-HT-3-Antagonisten 
verabreicht werden. 

• G-CSF Gabe gemäß der in Kapitel 8.1.6 definierten Kriterien. 
• Die palliative und supportive Behandlung von mit der Tumorerkrankung 

zusammenhängenden Symptomen wird allen Patienten im Rahmen dieser Studie 
angeboten werden. 

• Bei Patientinnen mit einem eindeutig HER2-neu überexprimierenden Tumor (IHC +++ 
oder FISH +) ist die Therapie mit Trastuzumab nach Abschluss der Chemotherapie über 
ein Jahr erlaubt. 

• Keine anderen antineoplastisch wirksamen Substanzen dürfen während der 
Verabreichung der Studienmedikamente gegeben werden.  

 

8.1.10.  Kontrolluntersuchungen 

Maximal 2 Wochen vor Randomisation: 

 

- Anamnese, Klinische Untersuchung, Begleitmedikation, Begleiterkrankungen, 
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Größe, Gewicht 
- Aktivitätsstatus (ECOG), 
- EORTC QLQ-C30 + BR23 Lebensqualitätsfragebogen 
- EKG 

 
- Labor:  

1. Blutbild 
2. Bilirubin, GOT, GPT, yGT, AP, Kreatinin, Natrium, Kalium, Gerinnung (PTT, 

INR), Albumin, Protein 
3. Schwangerschaftstest bei prämenopausalen Frauen 
 

Maximal 5 Wochen vor Randomisation: 

- Röntgen-Thorax in 2 Ebenen 
- Ganzkörperszintigraphie 
- Ultraschall Leber 
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Tabelle 1 Zusammenfassung der notwendigen Untersuchungen: 
                 Zeitpunkt     
Untersuchung  

Vor Beginn 
der Therapie 
(max. 2 Wochen 
vor 
Randomisation) 

 
Vor jedem 
Zyklus 

4 Wochen 
nach letzter 
Chemother
apie 

6 Wochen 
nach 
letzter 
Strahlen-
therapie 

Follow-
up 
alle 3 
Mon. (2a),
alle 6 
Mon. (3a) 

Demographische Daten X     

Ein- und Ausschlusskriterien X     

Patienten-

Einverständniserklärung 

X     

Registrierung/Randomisation X     

Anamnese X X X X X 

Klinische Untersuchung X X X X X 

Größe, Gewicht X X X X X 

Begleitmedikation  X X X X X 

Begleiterkrankungen X X X X X 

Aktivitätsstatus (ECOG) X X X X X 

EORTC QLQ-C30 + BR23 

Lebensqualitätsfragebogen 

 
X 

Vor Zyklus 4 X X X 

Blutentnahme für MRD-

Surveillance 

X  X  2 bzw. 5 Jahre 

n. Ende d. 

Chemoth. 
Blutbild X 1 - 2 x/Woche X  b.B. 

Natrium, Kalium X X X  b.B. 

Kreatinin X X X  b.B. 

Bilirubin, GOT, GPT, γGT, AP X X X  b.B. 

Albumin, Eiweiß X  X   

INR, PTT X  X   

Schwangerschaftstest 

(prämenop.) 

X     

EKG X  X   

Bildgebende Diagnostik (bis 5 

Wochen vor Randomisation) 

Lebersono, Knochenszinti, 

Röntgen-Thorax 

 
X 

  
 

 b.B. 
 

Toxizität (NCI)  X X X X 

Überlebens-/Rezidivstatus   X X X 
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8.2 Quality of Life Survey (German) 
(EORTC QLQ-C30 + QLQ-BR23) 
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EORTC QLQ-C30 (version 3.0)   Patientinnen-Nr. .....Zentrums-Nr. ..... 
Wir sind an einigen Angaben interessiert, die Sie und Ihre Gesundheit betreffen. Bitte 
beantworten Sie die folgenden Fragen selbst, indem Sie die Zahl ankreuzen, die am besten 
auf Sie zutrifft. Es gibt keine "richtigen" oder "falschen" Antworten. Ihre Angaben werden 
streng vertraulich behandelt. 
 
Bitte tragen Sie Ihre Initialen ein:  
Ihr Geburtstag (Tag, Monat, Jahr):  
Das heutige Datum (Tag, Monat, Jahr):   
                                                                                                                                    

  Überhaupt  
  nicht Wenig Mäßig Sehr 
1. Bereitet es Ihnen Schwierigkeiten sich körperlich  
 anzustrengen (z.B. eine schwere Einkaufstasche oder  
 einen Koffer zu tragen?) 1 2 3 4 
 
2. Bereitet es Ihnen Schwierigkeiten, einen längeren  
 Spaziergang zu machen? 1 2 3 4 
 
3. Bereitet es Ihnen Schwierigkeiten, eine kurze  
 Strecke außer Haus zu gehen? 1 2 3 4 
 
4. Müssen Sie tagsüber im Bett liegen oder in einem  
 Sessel sitzen? 1 2 3 4 
 
5. Brauchen Sie Hilfe beim Essen, Anziehen, Waschen  
 oder Benutzen der Toilette? 1 2 3 4 
 
Während der letzten Woche: Überhaupt 
  nicht Wenig Mäßig Sehr 
6. Waren Sie bei Ihrer Arbeit oder bei anderen 
 tagtäglichen Beschäftigungen eingeschränkt? 1 2 3 4 
 
7. Waren Sie bei Ihren Hobbys oder anderen 
 Freizeitbeschäftigungen eingeschränkt? 1 2 3 4 
 
8. Waren Sie kurzatmig? 1 2 3 4 
 
9. Hatten Sie Schmerzen? 1 2 3 4 
 
10. Mussten Sie sich ausruhen? 1 2 3 4 
 
11. Hatten Sie Schlafstörungen? 1 2 3 4 
 
12. Fühlten Sie sich schwach? 1 2 3 4 
 
13. Hatten Sie Appetitmangel? 1 2 3 4 
 
14. War Ihnen übel? 1 2 3 4 
 
                                                                  Bitte wenden 
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Patientinnen-Nr.  Zentrums-Nr.                           Datum     
Während der letzten Woche: Überhaupt 
  nicht Wenig Mäßig Sehr 
 
15. Haben Sie erbrochen? 1 2 3 4 
 
16. Hatten Sie Verstopfung? 1 2 3 4 
 
17. Hatten Sie Durchfall? 1 2 3 4 
 
18. Waren Sie müde? 1 2 3 4 
 
19. Fühlten Sie sich durch Schmerzen in Ihrem 
 alltäglichen Leben beeinträchtigt? 1 2 3 4 
 
20. Hatten Sie Schwierigkeiten sich auf etwas zu konzentrieren, 
 z.B. auf das Zeitunglesen oder das Fernsehen? 1 2 3 4 
 
21. Fühlten Sie sich angespannt? 1 2 3 4 
 
22. Haben Sie sich Sorgen gemacht? 1 2 3 4 
 
23. Waren Sie reizbar?  1 2 3 4 
 
24. Fühlten Sie sich niedergeschlagen? 1 2 3 4 
 
25. Hatten Sie Schwierigkeiten, sich an Dinge zu erinnern? 1 2 3 4 
 
26. Hat Ihr körperlicher Zustand oder Ihre medizinische 
 Behandlung Ihr Familienleben beeinträchtigt? 1 2 3 4 
 
27. Hat Ihr körperlicher Zustand oder Ihre medizinische 
 Behandlung Ihr Zusammensein oder Ihre gemeinsamen 
 Unternehmungen mit anderen Menschen beeinträchtigt? 1 2 3 4 
  
28. Hat Ihr körperlicher Zustand oder Ihre medizinische 
 Behandlung für Sie finanzielle Schwierigkeiten 
 mit sich gebracht? 1 2 3 4 

Bitte kreuzen Sie bei den folgenden Fragen die Zahl zwischen 1 und 7 an, die am 
besten auf Sie zutrifft 

29. Wie würden Sie insgesamt Ihren Gesundheitszustand während der letzten Woche 
 einschätzen? 
 
 1 2 3 4 5 6 7 
  sehr schlecht      ausgezeichnet 
 
30. Wie würden Sie insgesamt Ihre Lebensqualität während der letzten Woche 
einschätzen? 
 
 1 2 3 4 5 6 7 
  sehr schlecht      ausgezeichnet 
 
© Copyright 1995 EORTC Study Group on Quality of Life. Alle Rechte vorbehalten.   Version 3.0 
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EORTC  QLQ – BR23 
Patienten berichten manchmal die nachfolgend beschriebenen Symptome oder 
Probleme. Bitte beschreiben Sie wie stark Sie diese Symptome oder Probleme 
während der letzten Woche empfunden haben. 
  

Während der letzten Woche: Überhaupt 
  nicht Wenig Mäßig Sehr 
31. Hatten Sie einen trockenen Mund? 1 2 3 4 
 
32.  War Ihr Geschmacksempfinden beim Essen oder 
       Trinken verändert? 1 2 3 4 
 
33.  Schmerzten Ihre Augen, waren diese gereizt 
 oder tränten sie?  1 2 3 4 
 
34. Haben Sie Haarausfall? 1 2 3 4 
 
35. Nur bei Haarausfall ausfüllen: 
 Hat Sie der Haarausfall belastet? 1 2 3 4 
 
36.   Fühlten Sie sich krank oder unwohl? 1 2 3 4 
 
37. Hatten Sie Hitzewallungen? 1 2 3 4 
 
38. Hatten Sie Kopfschmerzen? 1 2 3 4 
 
39.   Fühlten Sie sich wegen Ihrer Erkrankung oder 
 Behandlung körperlich weniger anziehend? 1 2 3 4 
 
40.   Fühlten Sie sich wegen Ihrer Erkrankung oder 
 Behandlung weniger weiblich? 1 2 3 4 
 
41. Fanden Sie es schwierig, sich nackt anzusehen? 1 2 3 4 
 
42. Waren Sie mit Ihrem Körper unzufrieden? 1 2 3 4 
 
43.   Waren Sie wegen Ihres künftigen 
 Gesundheitszustandes besorgt? 1 2 3 4 

Während der letzten vier Wochen: Überhaupt 
  nicht Wenig Mäßig Sehr 
44. Wie sehr waren Sie an Sex interessiert?  1 2 3 4 
 
45. Wie sehr waren Sie sexuell aktiv?  1 2 3 4 
 
Nur ausfüllen, wenn Sie sexuell aktiv waren: 
 
46. Wie weit hatten Sie Freude am Sex?  1 2 3 4 
 Bitte wenden 
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Patientinnen-Nr.  Zentrums-Nr.                           Datum     
 
Während der letzten Woche: Überhaupt 
  nicht Wenig Mäßig Sehr 
 
 
47.  Hatten Sie Schmerzen in Arm oder Schulter? 1 2 3 4 
 
48.  War Ihr Arm oder Ihre Hand geschwollen? 1 2 3 4 
 
49.  War das Heben oder Seitwärtsbewegen des Arms erschwert?  1 2 3 4 
 
50.  Hatten Sie im Bereich der betroffenen Brust Schmerzen?  1 2 3 4 
 
51.  War der Bereich Ihrer betroffenen Brust angeschwollen?  1 2 3 4 
 
52.  War der Bereich der betroffenen Brust überempfindlich? 1 2 3 4 
 
53.  Hatten Sie Hautprobleme im Bereich der betroffenen 
 Brust (z.B. juckende, trockene oder schuppende Haut)? 1 2 3 4 
 
 
 
© Copyright 1994 EORTC Study Group on Quality of Life. Alle Rechte vorbehalten. Version 1.0 
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8.3 Eastern Cooperative Oncology Group (ECOG) Performance 
Status 

 
 
Activity Status Description 
0 Asymptomatic, fully active, and able to carry on all 

predisease performance without restrictions 
1 Symptomatic, fully ambulatory but restricted in 

physically strenuous activity and able to carry out 
performance of a light or sedentary nature, eg, light 
housework, office work 

2 Symptomatic, ambulatory and capable of all self-
care but unable to carry out any work activities. Up 
and about more than 50 % of waking hours: in bed 
less than 50 % of day 

3 Symptomatic, capable on only limited self-care, 
confined to bed or chair more than 50 % of waking 
hours, but not bedridden 

4 Completely diabled. Cannot carry on any self-care. 
Totally bedridden 

5 Dead 
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8.4 TNM Staging for Breast Carcinoma 
The tumor stage at primary diagnosis will be classified according to the UICC tumor-
node-metastasis (TNM) classification(393) 
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8.5 Informed Consent Document (German) 
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Klinikum der Universität München 
I. Frauenklinik – Innenstadt  
Direktor: Prof. Dr. med. Klaus Friese 
Prüfarzt:  Prof. Dr. med. H. Sommer, Tel: 089/5160-
4111/4170/4578 

 
 

Patienteninformation 
 

zur Teilnahme an der Studie mit dem Namen 
 
Multizentrische, prospektiv randomisierte Phase III Studie 
zum Vergleich von FEC-Doc-Chemotherapie versus FEC-

DocG-Chemotherapie, sowie 2 oder 5 Jahre 
Zoledronattherapie in der adjuvanten Therapie von 

Patientinnen mit Brustkrebs: 
SUCCESS-STUDIE 

 
(A Prospectively Randomized Phase III Trial, studying the benefits of adjuvant 
sequential vs. combined taxan based chemotherapy and different durations of 

Zoledronate treatment in early breast cancer: SUCCESS-Trial) 
 
 
 
 
Sehr geehrte Patientin, 
bei Ihnen wurde eine Brustkrebserkrankung festgestellt und inzwischen erfolgreich 
operativ behandelt. Trotz der Entfernung dieses bösartigen Tumors ist nicht mit 
letzter Sicherheit garantiert, dass nicht noch vereinzelte Tumorzellen an 
unbekannten Stellen Ihres Körpers ruhen. Es soll deshalb routinemäßig eine 
Behandlung mit so genannten Zytostatika, also Medikamenten zur Hemmung der 
Zellteilung, durchgeführt werden. Dies wird Chemotherapie genannt und dient als 
vorbeugende Therapie dem Ziel, das Risiko für ein späteres Wiederauftreten der 
Erkrankung zu verringern. Das Prinzip der Behandlung mit so genannten Zytostatika 
ist die Hemmung der Zellteilung, die bei einem bösartigen Tumor in großem Maß und 
ungeordnet abläuft. Dadurch werden von dieser Therapie vor allem Tumorzellen 
betroffen, in geringerem Ausmaß jedoch auch gesunde Körperzellen, woraus sich die 
meisten der unten erläuterten Nebenwirkungen ergeben. Weist der bei Ihnen 
festgestellte Tumor bestimmte Eigenschaften auf, wird bei Ihnen automatisch 
zusätzlich eine antihormonelle Therapie (endokrine Therapie) und/oder eine 
Antikörpertherapie (mit Trastuzumab) durchgeführt, die der Standardtherapie 
außerhalb dieser Studie entspricht. In der SUCCESS-Studie soll eine neue 
Kombination von Zytostatika (FEC-DG) mit einer Standardtherapie (FEC-D) 
verglichen werden. Zusätzlich wird in der Studie die unterschiedliche Dauer einer 
Behandlung mit einem sog. Bisphosphonat untersucht, eine Medikamentgruppe, 

Patientenaufkleber 
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welche aus der Osteoporosebehandlung bei Patientinnen mit einer Verminderung 
der Knochendichte bekannt ist, und die bisher noch nicht routinemäßig bei der 
Primärbehandlung von Brustkrebs eingesetzt wird. Ferner ist zu vier verschiedenen 
Zeitpunkten die Entnahme von jeweils 50ml Blut geplant, dessen Untersuchung der 
Erforschung von Möglichkeiten dient, Tumorreste frühzeitig festzustellen.  

Wir bieten Ihnen an, die Verabreichung dieser Medikamente im Rahmen einer 
wissenschaftlichen Therapieoptimierungsstudie durchzuführen. Alle in der Studie 
eingesetzten Medikamente haben ihre Wirksamkeit bei der Brustkrebserkrankung 
bereits erwiesen. Ziel der Untersuchung ist nun festzustellen, welche der 
Kombinationen in einem Ihrer Situation vergleichbaren Tumorstadium bessere 
Ergebnisse erzielt. 

Insgesamt sollen ca. 3.500 Patientinnen deutschlandweit im Rahmen dieser Studie 
untersucht werden. Wenn Sie sich zur Teilnahme an dieser Untersuchung 
entscheiden, werden Sie nach dem Zufallsprinzip einer von vier Patientinnengruppen 
zugeordnet, um Unterschiede im Behandlungserfolg zwischen den untersuchten 
Therapien möglichst unbeeinflusst von vorbestehenden Einflussfaktoren feststellen 
zu können. Diese Zuordnung wird computergesteuert von einem zentralen 
Statistikinstitut vorgenommen und kann nicht von Ihrem behandelnden Arzt 
beeinflusst werden:  

FEC-D-Behandlungsarm mit anschließender zweijähriger 
Zoledronatbehandlung: Sie erhalten zunächst 3 Zyklen einer Chemotherapie mit 
den Substanzen Cyclophosphamid, Epirubicin und Fluorouracil im Abstand von 
jeweils 3 Wochen. Anschließend erhalten Sie 3 Zyklen der Substanz Docetaxel, 
ebenfalls im Abstand von jeweils 3 Wochen. Die geplante Therapiedauer der 
Chemotherapie beträgt somit insgesamt 18 Wochen. Beginnend 4 Wochen nach 
dem letzten Chemotherapiezyklus erhalten Sie in vierteljährlichen Abständen das 
Bisphosphonat Zoledronat für die Dauer von zwei Jahren. All diese Medikamente 
werden als Infusionstherapie verabreicht. 

FEC-D-Behandlungsarm mit anschließender fünfjähriger 
Zoledronatbehandlung: Sie erhalten zunächst 3 Zyklen einer Chemotherapie mit 
den Substanzen Cyclophosphamid, Epirubicin und Fluorouracil im Abstand von 
jeweils 3 Wochen. Anschließend erhalten Sie 3 Zyklen der Substanz Docetaxel, 
ebenfalls im Abstand von jeweils 3 Wochen. Die geplante Therapiedauer der 
Chemotherapie beträgt somit insgesamt 18 Wochen. Beginnend 4 Wochen nach 
dem letzten Chemotherapiezyklus erhalten Sie in vierteljährlichen Abständen das 
Bisphosphonat Zoledronat für die Dauer von zwei Jahren. Daran anschließend 
erhalten Sie zweimal im Jahr die Zoledronatgaben für weitere 3 Jahre. All diese 
Medikamente werden als Infusionstherapie verabreicht. 
 

FEC-DG-Behandlungsarm mit anschließender zweijähriger 
Zoledronatbehandlung: Sie erhalten zunächst 3 Zyklen einer Chemotherapie mit 
den Substanzen Cyclophosphamid, Epirubicin und Fluorouracil im Abstand von 
jeweils 3 Wochen. Anschließend erhalten Sie 3 Zyklen der beiden Substanzen 
Docetaxel und Gemcitabine, ebenfalls im Abstand von jeweils 3 Wochen. Die 
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geplante Therapiedauer der Chemotherapie beträgt somit insgesamt 18 Wochen. 
Beginnend 4 Wochen nach dem letzten Chemotherapiezyklus erhalten Sie in 
vierteljährlichen Abständen das Bisphosphonat Zoledronat für die Dauer von zwei 
Jahren. All diese Medikamente werden als Infusionstherapie verabreicht. 
 

FEC-DG-Behandlungsarm mit anschließender fünfjähriger 
Zoledronatbehandlung: Sie erhalten zunächst 3 Zyklen einer Chemotherapie mit 
den Substanzen Cyclophosphamid, Epirubicin und Fluorouracil im Abstand von 
jeweils 3 Wochen. Anschließend erhalten Sie 3 Zyklen der beiden Substanzen 
Docetaxel und Gemcitabine, ebenfalls im Abstand von jeweils 3 Wochen. Die 
geplante Therapiedauer der Chemotherapie beträgt somit insgesamt 18 Wochen. 
Beginnend 4 Wochen nach dem letzten Chemotherapiezyklus erhalten Sie in 
vierteljährlichen Abständen das Bisphosphonat Zoledronat für die Dauer von zwei 
Jahren. Daran anschließend erhalten Sie zweimal im Jahr die Zoledronatgaben für 
weitere 3 Jahre.  All diese Medikamente werden als Infusionstherapie verabreicht. 
Die Behandlungsmöglichkeiten innerhalb der Studie können schematisch so 
dargestellt werden: 
 
 
 
 
 
 
 
 
 
 
 
 
Zusätzlich erhalten Sie von uns während der Infusionstherapie Medikamente 
(Dexamethason und Navoban), die die im Rahmen der Chemotherapie auftretende 
Übelkeit in der Mehrzahl der Fälle lindern.  
 
 
 
Zusätzlich erhalten Sie von uns während der Infusionstherapie Medikamente 
(Dexamethason und Navoban), die die im Rahmen der Chemotherapie auftretende 
Übelkeit in der Mehrzahl der Fälle lindern.  

Vor Beginn der Chemotherapie sind einige Untersuchungen nötig, um zu überprüfen, 
ob diese Therapie für Sie geeignet ist. Deshalb werden wir, falls diese 
Untersuchungen bei Ihnen nicht bereits vorliegen, eine Ultraschalluntersuchung der 
Leber, ein EKG, eine Röntgenaufnahme der Lunge, eine Skelettszintigraphie und 
eine Blutuntersuchung durchführen.  

Vor Beginn und nach Ende der Chemotherapie und nach zwei bzw. fünf Jahren der 
Zoledronatbehandlung werden wir Ihr Blut einer besonders sorgfältigen 
Untersuchung unterziehen, um verstreute Tumorzellen im Blut oder andere Hinweise 

R R

Endokrine Therapie:
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für ein erhöhtes Risiko für eine Wiederkehr der Erkrankung nachzuweisen. Diese 
Untersuchungen beinhalten die Suche nach isolierten Tumorzellen, Untersuchungen 
der Genstruktur von Blutzellen, die Bestimmung von so genannten Tumormarkern, 
also Stoffe im Blut, die auf eine Ausweitung des Tumorgeschehens hinweisen, sowie 
weitere Untersuchungsschritte, die womöglicherweise geeignet sind, eine 
Wiederkehr der Erkrankung frühzeitiger als bisher zu erkennen. Sollten sich bei der 
Blutuntersuchung Hinweise auf einen Rückfall ergeben, werden wir Ihren 
behandelnden Arzt informieren. Ab diesem Zeitpunkt sollte eine intensivierte 
Nachsorge mittels bildgebender Verfahren erfolgen. 

Diese Untersuchungen werden innerhalb der Studienteilnahme auf kostenloser und 
freiwilliger Basis durchgeführt. Sie können zu jedem Zeitpunkt unabhängig von der 
weiteren Studienteilnahme die Blutabnahme ablehnen, oder Ihre Zustimmung zur 
Untersuchung der Blutproben und/oder die Verwertung der gewonnenen 
wissenschaftlichen Erkenntnisse zurückziehen. Die von Ihnen im Rahmen dieser 
Studie entnommenen Blutproben werden ebenfalls mit einer beim Prüfarzt 
befindlichen Kennziffer verschlüsselt. Die erhobenen Daten dienen ausschließlich 
der Untersuchung der oben genannten wissenschaftlichen Fragestellung und 
unterliegen den gleichen datenschutzrechtlichen Bestimmungen, wie die Daten zu 
Ihrem Krankheitsverlauf. 

Sie haben das Recht, Auskunft über die Sie betreffenden aufgezeichneten Angaben 
und die Ergebnisse Ihrer Untersuchung bzw. Behandlung zu verlangen, soweit dies 
nicht aus technischen Gründen niemandem mehr möglich ist. Sie können bei 
unrichtiger Aufzeichnung von Angaben, die Ihre Person betreffen, auch eine 
Berichtigung dieser Angaben verlangen.  

Sollten Sie einer Weiterverarbeitung Ihrer Daten widersprechen, werden keine 
weiteren Daten über Ihre Person zum Zweck der o.g. Studie erhoben und 
aufgezeichnet. Die bis zu diesem Zeitpunkt vorhandenen Daten müssen aber 
möglicherweise aus Gründen der Sicherheit anderer Studienteilnehmer/-innen und 
der Wahrung gesetzlicher Dokumentationspflichten weiter verarbeitet werden. 
Gleiches gilt für eine von Ihnen verlangte Löschung der Sie betreffenden Angaben.  

Sie erhalten während der Therapie und im weiteren Verlauf einen Fragebogen, den 
Sie selbständig und in Ruhe ausfüllen sollten. Er dient der Erhebung der 
Lebensqualität während der Behandlung und dient damit der Auswertung zum 
Vergleich beider Therapiearme.  
Zwischen den Zyklen sollten Sie mindestens 1mal pro Woche eine 
Blutbildbestimmung bei Ihrem Hausarzt durchführen lassen. 
Sofern Sie sich im empfängnisfähigen Alter befinden, wird bei Ihnen vor Beginn der 
Chemotherapie und vier Wochen nach Ende der Chemotherapie ein 
Schwangerschaftstest durchgeführt. Für die gesamte Dauer der Behandlung muss 
auf eine sichere Schwangerschaftsverhütung geachtet werden, da die eingesetzten 
Medikamente stark schädigend für das ungeborene Kind sein können. Als sichere 
Methoden der Schwangerschaftsverhütung gelten die verschiedenen Formen der 
hormonellen Empfängnisverhütung, intrauterine Pessare (Spirale) oder eine 
operative Eileiterunterbindung. Informieren Sie bitte unverzüglich Ihren 
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behandelnden Arzt, wenn sich zu irgendeinem Zeitpunkt der Behandlung der 
Verdacht auf eine ungewollte Schwangerschaft ergeben sollte. 
Die Teilnahme an dieser Studie ist völlig freiwillig und Sie können jederzeit von der 
Zusage der Teilnahme zurücktreten. In diesem Falle wird Sie der behandelnde Arzt 
nach bestem Wissen und Gewissen weiterbehandeln. Es entstehen Ihnen hierdurch 
keinerlei Nachteile. 
Sollten bei Ihnen zu irgendeinem Zeitpunkt Hinweise auf eine Unverträglichkeit der 
Therapie oder ein Fortschreiten des Tumorwachstums auftreten, so kann die 
Therapie selbstverständlich abgebrochen werden.  
Auch nach Beendigung der Behandlung werden wir Sie gerne weiter betreuen, und 
eine regelmäßige Tumornachsorge durchführen. Sollten Sie die Nachsorge 
außerhalb unseres Zentrums durchführen, so werden wir in regelmäßigen Abständen 
entweder Ihren Hausarzt, den behandelnden Facharzt oder Sie selbst kontaktieren, 
um den weiteren Verlauf Ihrer Krankheit zu überprüfen. Während der nächsten drei 
Jahre sollten Sie in 3-monatigen Abständen eine Nachsorgeuntersuchung 
vornehmen lassen.  

Es konnte wissenschaftlich gezeigt werden, dass die Teilnahme an einer 
Therapiestudie für die einzelne Patientin mit einer Prognoseverbesserung verbunden 
sein kann, hauptsächlich durch bessere Therapieüberwachung bedingt. Außerdem 
können so wichtige Erkenntnisse für die Behandlung zukünftiger Patientinnen 
gesammelt werden. 

Ihre persönlichen Daten und Angaben zur Ihrer Erkrankung werden zur 
wissenschaftlichen Auswertung gesammelt. Sollte dies notwendig sein, so wird zur 
Verschwiegenheit verpflichteten Mitarbeitern gemäß den Bedingungen des 
Bundesdatenschutzgesetzes Einblick in Ihre Krankenakte gewährt. 

Unter der Behandlung mit der Chemotherapie können, auch unabhängig von der 
Teilnahme an der Studie, folgende Nebenwirkungen auftreten: 

• Absinken der Zahl der Blutzellen (rote und weiße Blutkörperchen, 
Blutplättchen). Wir werden uns bemühen, durch entsprechende 
Medikamente (Wachstumsfaktorspritzen) einem zu starken Absinken der 
weißen Blutkörperchen vorzubeugen. In seltenen Fällen kann es zu Fieber, 
Infektionen, Müdigkeit oder Blutungsneigung kommen. In solchen Fällen 
kann eine Gabe von Blutprodukten, Antibiotika oder anderen 
Medikamenten notwendig werden.  

• Übelkeit und Erbrechen. Dies lässt sich durch die Gabe entsprechender 
Begleitmedikation in der Mehrzahl der Fälle verhindern. 

• Unter Epirubicin können Nebenwirkungen am Herzen auftreten, die zu 
einer behandlungsbedürftigen oder lebensgefährlichen Herzschwäche 
führen können. Deshalb wird vor der Behandlung Ihre Herzfunktion 
überprüft, um ein erhöhtes Risiko für eine Herzschädigung erkennen zu 
können. 

• Elekrolytverschiebungen (Natrium, Kalium, Kalzium etc.) und eine 
Erhöhung der Harnsäure. 

• Haarverlust. Der Haarverlust ist in der Mehrzahl der Fälle bei der bei Ihnen 
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vorgesehen Chemotherapie vollständig, ein künstlicher Haarersatz wird 
notwendig sein. Nach Ende der Behandlung setzt das Haarwachstum  
wieder ein. 

• Vorübergehende Beschwerden in den Gelenken und Muskeln 
• In seltenen Fällen können in Folge der Chemotherapie Zweitkarzinome des 

blutbildenden Systems auftreten.  
• Veränderungen an Zehen- und Fingernägeln sowie Hautveränderungen. 

Die Veränderungen können zu Nagelablösungen, sowie, in seltenen 
Fällen, zu chronischen Infektionen im Bereich der Hände und Füße führen. 

• Gelegentliche Missempfindungen (wie Kribbeln) und Taubheit an Händen 
und Füßen, die aber meist nur kurzfristig auftreten. 

• Häufige Wassereinlagerungen (sog. Ödeme), die sich durch Schwellung 
vor allem der Beine, selten auch anderer Körperteile äußern. Selten treten 
diese Wassereinlagerungen so stark auf, dass sie auch zu 
Flüssigkeitsansammlungen in Lunge und Bauchraum führen. Wir werden 
Ihnen je nach Ausprägungsgrad der Wassereinlagerungen Medikamente 
zur deren Verringerung verabreichen. 

 

Unter der Behandlung mit der Zoledronat können, auch unabhängig von der 
Teilnahme an der Studie, folgende Nebenwirkungen auftreten: 

• Vorübergehendes Fieber mit grippeähnlichen Beschwerden 
• Übelkeit, Kopfschmerzen, Unruhe und Schlafstörungen 
• Bindehautentzündung der Augen 
• Vorübergehende Beschwerden in den Gelenken und Muskeln 
• Bluthochdruck 
• Mildes Absinken der Zahl der Blutzellen (rote und weiße Blutkörperchen, 

Blutplättchen) und Veränderung von einer Reihe von Blutwerten 
• Funktionsstörung der Nieren 
• In seltenen Fällen kann es zu einer ernstzunehmenden Schädigung von 

Zahnfleisch und Kieferknochen kommen, die eine Mund-Kiefer-
Gesichtschiurgische Behandlung notwendig machen kann. 

Die Behandlung mit Zoledronat ist insgesamt aber wesentlich besser verträglich, als 
die vorhergehende Chemotherapie. Dennoch sollten Sie eine Reihe von 
Vorsichtsmaßnahmen vor Beginn und während der Therapie mit Zoledronat 
beachten. Diese sind in einem gesonderten Merkblatt zusammengefasst, welches 
Ihnen mit dieser Patientinneninformation ausgehändigt wird. 

Entweder nach Abschluss oder nach der Hälfte der Chemotherapie wird bei Ihnen 
außerdem eine Bestrahlung des Brustdrüsenkörpers oder der Brustwand und 
gegebenenfalls der Lymphknotenabflussgebiete voraussichtlich erforderlich sein. Ob 
dies notwendig ist, und ggf. den genauen Zeitpunkt wird Ihnen Ihr betreuender Arzt 
mitteilen. Die Bestrahlung wird dabei täglich über den Zeitraum von sechs bis sieben 
Wochen durchgeführt. Als mögliche Nebenwirkungen können während der 
Strahlentherapie Hautreizungen, Gewebswasseransammlungen mit Schwellung des 
bestrahlten Gebietes, und Allgemeinsymptome, wie Müdigkeit, Kopfschmerzen, 
Übelkeit und Erbrechen auftreten. Über diese Nebenwirkungen werden Sie von 
Ihrem betreuenden Arzt (Strahlentherapeut) noch gesondert ausführlich aufgeklärt 
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werden. 

Unabhängig davon, welchem Therapiearm Sie zugeordnet werden, halten wir unter 
bestimmten Voraussetzungen die zusätzliche Behandlung mit Medikamenten 
(Tamoxifen, und evtl. Goserelin bzw. Anastrozol) gegen Hormonwirkungen in Ihrem 
Körper für sinnvoll. Wenn bei Ihrem Tumor eine Empfindlichkeit gegenüber 
weiblichen Geschlechtshormonen (Östrogenen) festgestellt wurde, empfehlen wir 
Ihnen auf jeden Fall die Einnahme des antihormonellen Medikaments Tamoxifen in 
Form einer Tablette täglich über die Dauer von 2 Jahren, sowie anschließend die 
Behandlung mit Anastrozol in Form einer Tablette täglich über die Dauer von 
weiteren 3 Jahren. Ob dies der Fall ist, wird Ihnen Ihr betreuender Arzt mitteilen. Als 
mögliche Nebenwirkungen einer Therapie mit Tamoxifen können 
Wechselbeschwerden, wie Hitzewallungen, depressive Verstimmungen, 
Leistungsminderung und Schlaflosigkeit auftreten. Das grundsätzlich sehr geringe 
Risiko für eine bösartige Erkrankung der Gebärmutterschleimhaut kann sich minimal 
erhöhen. Unter der Therapie mit Anastrozol können Wechselbeschwerden, Übelkeit 
und eine Verminderung der Knochendichte bis hin zu Knochenbrüchen auftreten. 
Wenn bei Ihrem Tumor eine Empfindlichkeit gegenüber weiblichen 
Geschlechtshormonen (Östrogenen) festgestellt wurde, und Sie unter 40 Jahre alt 
sind, oder eine nach der Chemotherapie wiedereinsetzende Periodenblutung haben 
werden, oder Ihre Hormonwerte auf eine aktive Funktion Ihrer Eierstöcke hindeuten, 
empfehlen wir Ihnen auf jeden Fall zusätzlich das antihormonelle Medikament 
Goserelin als monatliche Spritze über die Dauer von 2 Jahren. Dieses Medikament 
führt fast immer zu einem Ausbleiben der monatlichen Regelblutung. Als mögliche 
Nebenwirkungen einer Therapie mit Goserelin können Blutungsstörungen, 
Wechselbeschwerden, wie Hitzewallungen, depressive Verstimmungen, 
Leistungsminderung und Schlaflosigkeit auftreten.  

Sollte es durch die Chemotherapie zu einem starken Abfall von weißen oder roten 
Blutkörperchen kommen, so wird Ihnen Ihr Arzt unabhängig vom Therapiearm eine 
unterstützende Behandlung mit Wachstumsfaktoren empfehlen. Diese Medikamente 
sind in der Regel in der Lage die Produktion der Blutkörperchen zusätzlich 
anzuregen. Die Vor- und Nachteile einer solchen Behandlung und die möglichen 
Nebenwirkungen besprechen Sie bitte mit Ihrem behandelnden Arzt. 

Wir haben zu Ihrem zusätzlichen Schutz eine gesonderte Probandenversicherung 
(Versicherungs-Nr. 20-003245-03123-390) bei HDI Industrie Versicherung AG 
Niederlassung Hamburg, Großer Burstah 45, 20457 Hamburg, Telefon 040 
36150236, Fax      040 36150226 abgeschlossen. Um den Versicherungsschutz nicht 
zu gefährden, dürfen Sie sich einer anderen Behandlung nur im Einverständnis mit 
dem Prüfarzt unterziehen (Notfälle ausgenommen) und sollen jede Änderung, 
insbesondere eine Verschlechterung des Gesundheitszustandes, die als Folge der 
klinischen Prüfung aufgetreten sein könnte, unverzüglich dem Prüfarzt und dem 
Versicherer mitteilen. 

Diese Studie wurde von der Ethikkommission des Studienleitzentrums (Ludwig-
Maximilians-Universität München) begutachtet und zur klinischen Durchführung 
freigegeben. 
Nur die Prüfer, besonders geschulte Monitore, die die korrekte Dokumentation 
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der Daten überwachen, sowie autorisierte Personen in- und ausländischer 
Gesundheitsbehörden haben im Rahmen der entsprechenden gesetzlichen 
Vorschriften Zugang zu den vertraulichen Daten, in denen Sie namentlich 
genannt werden. Diese Personen unterliegen der Schweigepflicht und sind zur 
Beachtung des Datenschutzes verpflichtet. Die Weitergabe der Daten im In- 
und Ausland erfolgt ausschließlich zu statistischen und wissenschaftlichen 
Zwecken, und Sie werden darin ausnahmslos nicht namentlich genannt. Auch 
in etwaigen Veröffentlichungen der Daten dieser klinischen Prüfung werden Sie 
nicht namentlich genannt. 

Bevor wir Ihnen zur Behandlung raten, haben wir die Vorteile der Behandlung 
sorgfältig gegen mögliche Nachteile abgewogen. Wir sind bemüht die 
Nebenwirkungen der Therapie durch entsprechende Maßnahmen so gering wie 
möglich zu halten, und werden Sie kontinuierlich beraten, welchen Beitrag Sie durch 
Ihr Verhalten dazu leisten können. Sollten sich im Laufe Ihrer Behandlung neue 
Erkenntnisse ergeben, die eine Weiterführung der Therapie beeinflussen könnten, so 
werden wir Sie darüber informieren. Wir stehen Ihnen jederzeit für Fragen zur 
Verfügung. 

Dieser Aufklärungsbogen dient Ihrer Information. Sie sollten ihn behalten und bei 
Ihren Unterlagen aufbewahren. 
 
Name(n) des/der Ansprechpartner für die Studie an Ihrem Krankenhaus: 
 
___________________________________________________________________
________ 
 
Telefonnummern, unter denen die Ansprechpartner erreicht werden können: 
 
___________________________________________________________________
_______ 
 
 
______________________  ___________________________ 
 ___________________ 
Name der Patientin   Unterschrift der Patientin   Ort/Datum 
 
 
 
_______________________  ___________________________ 
 ___________________ 
Name des aufklärenden Arztes  Unterschrift der Ärztin/des Arztes  Ort/Datum 
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Klinikum der Universität München 
I. Frauenklinik – Innenstadt  
Direktor: Prof. Dr. med. Klaus Friese 
Prüfarzt: Prof. Dr. med. Harald Sommer, Tel: 089/5160-4578 

 
 

Einverständniserklärung 
 

zur Teilnahme an der Studie mit dem Namen 
 

Multizentrische, prospektiv randomisierte Phase III Studie zum Vergleich von FEC-
Doc-Chemotherapie versus FEC-DocG-Chemotherapie, sowie 2 oder 5 Jahre 

Zoledronattherapie in der adjuvanten Therapie von Patientinnen mit Brustkrebs: 
SUCCESS-STUDIE 

(A Prospectively Randomized Phase III Trial, studying the benefits of adjuvant sequential vs. combined taxan 
based chemotherapy and different durations of Zoledronate treatment in early breast cancer: SUCCESS-Trial) 

 
 
 
Herr/Frau Dr. ___________________ hat mich heute eingehend über meine 

Erkrankung, die notwendig werdende systemische Brustkrebsbehandlung und 

Wesen, Bedeutung und Tragweite der oben genannten klinischen Prüfung aufgeklärt.  

Mit der Behandlung und der wissenschaftlichen Verwendung der im Rahmen der 

Therapie gewonnenen Blutproben erkläre ich mich einverstanden, behalte mir jedoch 

vor, jederzeit, ohne Angabe von Gründen, und ohne dass mir Nachteile entstehen, 

die Einwilligung zu widerrufen. Ich hatte ausreichend Zeit, meine Entscheidung zu 

überdenken und alle betreffenden Fragen wurden mir ausführlich beantwortet. 

Mir ist bekannt, dass eine Patientenversicherung abgeschlossen wurde, und dass 

eine andere medizinische Behandlung, mit Ausnahme eines medizinischen Notfalles, 

während der Studie nur im Einvernehmen mit dem Prüfarzt erfolgen darf. 

Veränderungen meines Gesundheitszustandes werde ich dem Prüfarzt unverzüglich 

mitteilen. 

 
 
 
_________________________ ____________________________ 
 ______________________ 
Name der Patientin  Unterschrift der Patientin   Ort/Datum 
 

__________________________ _____________________________
 ______________________ 
Name des aufklärenden Arztes  Unterschrift der Ärztin/des Arztes  Ort/Datum 
 



 

                   SUCCESS-Trial, Version 1.2, 15.8.2005  Page 155 

Anschrift:   D-80337 München  •  Maistraße 11  •  Telefon (0 89) 51 60-4111 (Vermittlung)  

Klinikum der Universität München 
I. Frauenklinik – Innenstadt  
Direktor: Prof. Dr. med. Klaus Friese 
Prüfarzt: Prof. Dr. med. Harald Sommer, Tel: 089/5160-4578 

 
 

Einwilligungserklärungen zum Datenschutz 
 

zur Teilnahme an der Studie mit dem Namen 
 

Multizentrische, prospektiv randomisierte Phase III Studie zum Vergleich von FEC-
Doc-Chemotherapie versus FEC-DocG-Chemotherapie, sowie 2 oder 5 Jahre 

Zoledronatthrapie in der adjuvanten Therapie von Patientinnen mit Brustkrebs: 
SUCCESS-STUDIE 

(A Prospectively Randomized Phase III Trial, studying the benefits of adjuvant sequential vs. combined taxan 
based chemotherapy and different durations of Zoledronate treatment in early breast cancer: SUCCESS-Trial) 

 
 

Bei wissenschaftlichen Studien werden persönliche Daten und medizinische Befunde über Sie 
erhoben. 
Die Weitergabe, Speicherung und Auswertung dieser studienbezogenen Daten erfolgt nach 
gesetzlichen Bestimmungen und setzt vor Teilnahme an der Studie folgende freiwillige 
Einwilligung voraus: 
 
Sie werden nach dem Zufallsprinzip einer von vier Behandlungsgruppen zugeordnet. Diese 
Zuordnung wird von einem beauftragten Unternehmen** vorgenommen und kann nicht von Ihrem 
behandelnden Arzt beeinflusst werden. 
 
Ich erkläre mich damit einverstanden, dass im Rahmen dieser Studie erhobene Daten/ Angaben 
über meine Gesundheit auf Fragebögen und elektronischen Datenträgern aufgezeichnet und 
ohne Namensnennung, nur unter Angabe des Geburtsjahres und einer vierstelligen Nummer 
(pseudonymisiert), weitergegeben werden an: 
 

a) den Auftraggeber (Sponsor)* oder beauftragte Unternehmen** der Studie zur 
wissenschaftlichen Auswertung, Bewertung von unerwünschten Ereignissen und/ 
oder Beantragung der Zulassung;  

 
b) die zuständige(n) Überwachungsbehörden(n) (Landesamt oder Bezirksregierung), 

Bundesoberbehörde (Bundesinstitut für Arzneimittel und Medizinprodukte, Bonn), 
Ethik-Kommission und ausländischen Behörden und europäische Datenbanken 
zur Überprüfung der ordnungsgemäßen Durchführung der Studie sowie zur 
Bewertung von Studienergebnissen und unerwünschter Ereignisse oder zur 
Beantragung der Zulassung. 

 
*Anschrift des Auftraggebers: Prof. Dr. H.Sommer  

Klinikum der Universität München 
I. Frauenklinik-Innenstadt 
Maistraße 11 
80337 München 
 

**Anschrift beauftragter Unternehmen: Alcedis GmbH 
Winchesterstraße 2 
35394 Gießen 
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Außerdem erkläre ich mich damit einverstanden, dass ein autorisierter und zur Verschwiegenheit 
verpflichteter Beauftragter des Auftraggebers, der zuständigen inländischen und ausländischen 
Überwachungs- und Zulassungsbehörden in meine beim Prüfarzt vorhandenen 
personenbezogenen Daten Einsicht nimmt, soweit dies für die Überprüfung der Studie notwendig 
ist. Für diese Maßnahme entbinde ich den Prüfarzt von der ärztlichen Schweigepflicht. 
 
Die Einwilligung zur Erhebung und Verarbeitung der Angaben über meine Gesundheit ist 
unwiderruflich. Ich bin bereits darüber aufgeklärt worden, dass ich jederzeit die Teilnahme an der 
klinischen Prüfung beenden kann. Im Fall dieses Widerrufs werden die bis zu diesem Zeitpunkt 
gespeicherten Daten ohne Namensnennung weiterhin verwendet, soweit dies erforderlich ist, um  

 
a) Wirkungen des zu prüfenden Arzneimittels festzustellen, 
b) sicherzustellen, dass schutzwürdige Interessen meiner Person nicht beeinträchtigt 

werden, 
c) der Pflicht zur Vorlage vollständiger Zulassungsunterlagen zu genügen. 

 
Darüber hinaus bin ich mit der Entnahme, Herauslösung, Untersuchung sowie 
verschlüsselten Lagerung meines im Rahmen dieser klinischen Studie entnommenen 
Blutes und Gewebes für den Zweck der Studie durch den/die Studienarzt/-
Studienärztin einem Labor der Klinik einverstanden. Ich bin einverstanden, dass das 
im Rahmen der Studie entnommene Blut ausschließlich im Rahmen der in der 
Einverständniserklärung geschilderten wissenschaftlichen Untersuchungen in 
Laboratorien der an der Success-Studie beteiligten Universtitätskliniken analysiert 
wird. Die oben genannten datenschutzrechtlichen Bestimmungen gelten auch für alle 
Daten, die in Zusammenhang mit diesen Untersuchungen erhoben und gespeichert 
werden.  
 
Wenn ich nicht in die Weitergabe meiner pseudonymisierten Daten einwillige, werde 
ich nicht in die klinische Prüfung eingeschlossen. 
 
_________________________ ____________________________ 
 ______________________ 
Name der Patientin  Unterschrift der Patientin   Ort/Datum 
 
 
Hiermit erkläre ich, den/die o. g. Versuchsteilnehmer/in über Wesen, Bedeutung, 
Tragweite und Risiken der o. g. Studie mündlich und schriftlich aufgeklärt und ihm/ihr 
eine Ausfertigung der Information sowie dieser Einwilligungserklärung übergeben zu 
haben. 
 
 
_________________________ ____________________________ 
 ______________________ 
 
Name des aufklärenden Arztes  Unterschrift der Ärztin/des Arztes  Ort/Datum 
 



 

                   SUCCESS-Trial, Version 1.2, 15.8.2005  Page 157 

Anschrift:   D-80337 München  •  Maistraße 11  •  Telefon (0 89) 51 60-4111 (Vermittlung)  

8.6 Ethical board review 
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8.7 Insurance policy 
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8.8 Serious Adverse Event (SAE) form 
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8.9 Recommendations for the Prevention, Diagnosis and Treatment 
of Osteonecrosis of the Jaw (German) 
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8.10 Signatures 

8.10.1  Signature of the Clinical Investigator  
I confirm that I have read this protocol, I understand it, and I will work according to 
this protocol and to the ethical principles stated in the latest version of the 
Declaration of Helsinki, the applicable guidelines for good clinical practices, or the 
applicable laws and regulations of the country of the study site for which I am 
responsible, whichever provides the greater protection of the individual. I will accept 
the monitor’s overseeing of the study. I will promptly submit the protocol to applicable 
ethical review boards. I will provide promptly all the necessary documentation as 
warranted in this protocol. I will promptly submit the protocol to applicable ethical 
review boards and the responsible department of government and administration. 
 
 
_________________________  ____________________ 
Signature of Principal Investigator  Date 
 
 
_________________________  ____________________ 
Signature of Investigator   Date 
 
 
_________________________  
Investigator Name 
 
 
_________________________ 
Name of Facility 
 
 
________________________________________________________ 
Address of Facility 
 

8.10.2  Signatures of the Sponsor and the Biometrist 
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8.11 Product informations (German) 

8.11.1 Docetaxel 
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8.11.2 Gemcitabine 
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8.11.3 Epirubicin 
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8.11.4 Cyclophosphamide 
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8.11.5 Fluorouracil 
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8.11.6 Anastrozole 
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8.11.7 Zoledronate 
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8.11.8  Lenograstim 
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8.12 Schedule for Necessary Examinations 

                                       
Time 
   
Examination 

Before 
treatmen

t 

Before every 
cycle 

28 days after 
last 

chemotherap
y 

6 weeks 
after last 

radiotherap
y 

Follow-
up 

 

Demographic Data X     
Criteria for inclusion/ 
exclusion 

X     

Signed Content Form X     
Registration/Randomisatio
n 

X     

Medical history X X X X X 
Clinical exam X X X X X 
Concomittent medication X X X X X 
Concomittent diseases X X X X X 
Status of activity (ECOG) X X X X X 
EORTC QLQ-C30 + BR23 
Quality of Life-
questionnaires 

X X X X X 

X-ray of the lung, bone 
scan, sonography of liver 

 
X 

  
 

  
If 

needed 
Peripheral Blood Sampling X  X  After 2 

years and 
5 years of 
endocrine 
treatment

White blood count X As indicated, 
appr. 1 – 
2/week 

X  X 

Sodium, Potassium X X X  X 
Creatinine* X X X  X 
Bilirubin, GOT, GPT, γGT, 
AP 

X X X  X 

Albumine, Protein X  X   
Pregnancy test 
(premenopausal) 

X  X   

INR, PTT X     
EKG X  X   
Toxicity (NCI) X X X X X 
Status of survival/ 
recurrence 

  X X X 

 
* Creatinin-Clearance has to be determined before each Zoledronate treatment 

(compare dose modification schedule) 
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