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Summary y 

Thee purpose of this study was to determine the feasibility and efficacy of multiple courses of 
high-dosee cyclophosphamide, carboplatin and thiotepa with peripheral-blood progenitor-cell 
(PBPC)) transplantation in women with advanced breast cancer. 
Forty-onee patients with advanced hormone-refractory breast cancer were enrolled in the study. 
Thee treatment started with two courses of 5-fluorouracil 500 mg/m2, epirubicin 120 mg/m" and 
cyclophosphamidee 500 mg/m2 (FE120C) followed by PBPC harvesting. The high-dose regimen 
consistedd of three subsequent courses of "tiny"CTC, cyclophosphamide 4000 mg/m2, thiotepa 
3200 mg/m2 and carboplatin 1060 mg/m2 (target AUC 13.3 mg.ml '.min ) (tCTC) divided over 
44 consecutive days. The second and third courses were scheduled to begin on day 28 after the 
previouss transplantation. 
AA total of 86 tCTC courses was given to 33 of the 41 enrolled patients. Major toxicities 
consistedd of hemorrhagic cystitis (six patients), prolonged gastro-intestinal toxicity (three 
patients)) and veno-occlusive disease (two patients). There was one therapy-related death 
(unknownn cause). Twenty patients (49%) achieved a complete response, nine (22%) a partial 
responsee and three patients stable disease after treatment. The median follow-up of the 
survivingg patients was 43 months (range 25-61). Six patients remain in complete remission 
beyondd three years. At 4 years, the progression-free survival (PFS) and overall survival (OS) 
forr the whole patient group were 23 and 30 % with a median duration of 12 and 27 months, 
respectivelyy and for FEnoC-responsive patients 32 and 36%, respectively with a median 
durationn of 15 and 33 months. In the patient group with a PFS >_18 months all patients had 
limitedd disease (metastatic disease in only one or two sites) and fewer patients had bone or 
liverr metastases compared to the overall patient group (33% versus 51%). 
Thiss report shows that three closely spaced courses of tCTC are feasible, with acceptable 
toxicity.. Triple tCTC can achieve complete or partial remission in most patients and long-term 
PFSS in a selected subgroup of patients who have limited metastatic disease and are responsive 
too conventional dose chemotherapy. 
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Introduction n 

Althoughh high-dose chemotherapy with peripheral blood progenitor cell (PBPC) 
transplantationn has been used extensively in the treatment of advanced breast cancer, its ability 
too achieve long-term disease-free survival is controversial. The evidence that this ability exists 
iss derived from information in the American and European transplant registries [1,2] and also 
fromm a large number of small phase II studies (see for review Peters et al. [3]). 
Thee highest disease-free survival plateaux are found when high-dose chemotherapy is given in 
firstt complete remission and when patients have low volume disease [4,5,6]. At the time of 
thiss writing, only one randomized study ("the Philadelphia study") has been published [7] and 
thiss study did not show any advantage of high-dose alkylating therapy administered as late 
consolidation. . 

Sincee the concept of high-dose chemotherapy for breast cancer is based on solid preclinical 
evidence,, clinical studies that aim to improve its results continue to be worthwhile. The 
strategyy that has been selected by our group is the repeated administration of high-dose 
cyclophosphamide,, thiotepa and carboplatin. A series of three consecutive courses of these 
agentss at the previously reported dose level of cyclophosphamide 6000 mg/m2, thiotepa 480 
mg/mm and carboplatin 1600 mg/m2, has been shown to be associated with major toxicity, such 
ass hemorrhagic cystitis, veno-occlusive disease of the liver and hemolytic uremic syndrome, 
whichh is considered unacceptable [8]. When the CTC dose is reduced by one-third, however, 
threee subsequent courses with a 4- to 5-week interval appear to be tolerable. Preliminary 
evidencee that this is the case has been reported previously [9]. To document the toxicity 
patternn and to study the potential of achieving long-term disease-free survival with this 
regimen,, we have performed a phase II study in 41 patients with stage IV breast cancer. Our 
findingss suggest that this treatment strategy is feasible and achieves long-term disease-free 
survivall  for roughly one-third of patients who are responsive to conventional-dose 
chemotherapy. . 

Patientss and Methods 

PatientPatient Selection 
Betweenn September 1994 and January 1998, 41 patients were enrolled in the study. All 
patientss had biopsy-proven stage IV breast cancer. Ages were below 56 years and performance 
statuss was excellent (WHO 0 or 1). Patients previously treated with chemotherapy were 
excluded,, except for those who had received non-anthracyclin-based adjuvant therapy more 
thann one year before relapse had occurred. Patients were eligible if the tumor estrogen-
receptorr was negative or if they had failed at least one line of hormonal therapy. To avoid the 
inclusionn of patients with massive bone metastases, patients could only be included if there 
wass no bone marrow failure and plain X-rays or bone scans did not show bilateral pelvic 
lesions.. Further criteria for eligibility included adequate bone marrow function (white blood 
celll  count (WBC) > 4 xl09/l and platelet count > 100 xl09/l), normal liver function tests, a 
creatininee clearance of at least 80 ml/min, a negative human immunodeficiency virus test, and 
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aa negative test for hepatitis B antigen. Written informed consent was obtained from all 
patients,, and the Committee on Medical Ethics of the Netherlands Cancer Institute approved 
thee study. 

TreatmentTreatment schedule 
Thee treatment started with two courses of FEnoC (fluorouracil 500 mg/m2, epirubicin 120 
mg/m22 and cyclophosphamide 500 mg/m2), all given as an intravenous push injection on day 1 
withh a 3-week interval. This is an intensive anthracyclin-based regimen, which we reported 
previouslyy to be highly efficacious in locally advanced breast cancer [10]. The second FE120C 
coursee was used for stem cell mobilization. Patients responsive to FE]2oC, including patients 
withh stable disease, continued treatment with high-dose chemotherapy. Patients with 
progressivee disease after FE)2oC did not proceed to the high-dose regimen and were taken off 
protocoll  treatment. The first course "tiny CTC" (carboplatin, thiotepa, cyclophosphamide, see 
below)) was started 3 weeks after the last FE120C course. The second and third courses were 
eachh started 4-5 weeks after the previous one. Resection or irradiation of any residual disease 
wass performed whenever possible after the last course, and sites of previously bulky disease 
(>55 cm) were irradiated when possible. 

PeripheralPeripheral blood progenitor cell (PBPC) mobilization and harvest 
Peripherall  blood progenitor cell mobilization was begun after the second FE120C course by the 
administrationn of filgrastim (300 meg subcutaneously, regardless of body weight) from day 2 
onwards.. Leukocytapheresis started when the white blood cell count exceeded 3.0 x 10 /l and 
thee CD34+ cell count in the peripheral blood was at least 0.5 %. All aphereses were performed 
viaa 13,5 French double-lumen Hickman catheters or inguinal venous catheters with a 
continuouss flow blood cell separator (Fenwal CS 3000, Baxter Deutschland GmbH, 
Germany).. Both the number of CD 34+ cells and the number of granulocyte-macrophage 
colony-formingg units (GM-CFU) were determined in the cell collections. This procedure has 
beenn described previously [11]. Based on earlier findings [12], we considered a graft size of 
3.00 x 106 CD 34+ cells/kg body weight sufficient for sustained bone marrow recovery and 1.0 
xx 106 CD34+cells/kg body weight sufficient for rapid -but possibly transient- granulocyte 
recoveryy after high-dose therapy. 

High-doseHigh-dose chemotherapy regimen: "tiny CTC" (tCTC) 
Thee high dose regimen tiny CTC was administered as published previously [8,9]. All agents 
weree administered during 4 consecutive days (day -6, -5, -4, and -3). Carboplatin was given 
intravenouslyy as daily one-hour infusions. The total dose of carboplatin was 1060 mg/m in 
patientss with normal kidney function, but if the creatinine clearance was 110 ml/min or less, 
thee total dose for 4 days was calculated by the formula: Dose (mg)= 13.3 x (Creatinine 
Clearancee + 25). Cyclophosphamide, total dose 4000 mg/m2, was given as 4 daily one-hour 
infusions,, and thiotepa, total dose 320 mg/m2, was divided over 8 twice-daily Vi- hour 
infusions.. Mesnum (500 mg per dose) was given 6 times a day for 6 days, starting one hour 
beforee the first cyclophosphamide infusion. 
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Alll  medication was administered through a central venous catheter inserted in a subclavian 
vein.. Antiemetics were given prophylactically and as needed (usually dexamethason and 
granisetron).. Prophylactic oral antibiotics were started 3.5 days prior to chemotherapy and 
includedd ciprofloxacin and itraconazole or amfotericin B. In addition, all patients received 
acyclovirr orally 400 mg twice daily in the neutropenic period. Roxitromycin was given orally 
fromm day 0 onward to prevent gram-positive infections until the neutrophil count exceeded 0.5 
xx 10 /l. Broad spectrum antibiotics were started in case of a temperature >38 degrees Celsius. 
Peripherall  blood progenitor cell (PBPC) reinfusion was performed on day 0. On day 1, 
filgrastim,, (Neupogen, received as a gift from Amgen-Roche, Breda, The Netherlands) 300 
megg s.c. daily (regardless of body weight) was added to the medication until the WBC count 
exceededd 5x10 /I. Irradiated platelet transfusions were given in case of signs of bleeding or 
whenn the platelet count decreased below 10 x 10 9/l. When hemoglobin levels were below 5.5 
mmol/1,, leukocyte-free irradiated red blood cells were administered. Whenever possible, 
patientss were discharged from the hospital on the day following PBPC infusion to receive 
supportivee care at home or in a hostel-facility near the hospital [13]. 

DoseDose adaptations in repeat high-dose chemotherapy courses 
Subsequentt courses of tCTC were, whenever possible, given in the same dosage as the 
previouss one. In the case of renal dysfunction, the patient was taken off study if the creatinine 
clearancee was below 40 ml/min. If renal function had decreased by 20 % from its baseline 
value,, the carboplatin dose was reduced by 50 %. In case of neuropathy grade 3 or significant 
hearing-loss,, the carboplatin dose was reduced by 50 %. If mucositis grade 4 had occurred in 
thee previous tCTC, the dosage of all agents was reduced by 25 %. Diarrhea grade 4 requiring 
administrationn of morphine led to a 25% dose reduction of both cyclophosphamide and 
thiotepa. . 

Results s 

Forty-onee patients were enrolled in the study. Patient characteristics are shown in Table 1. 
Nott all patients received high-dose chemotherapy: eight patients were taken off protocol 
beforee tCTC, but remained in the analysis. Seven of these patients were unresponsive to 
FE120CC courses and one patient had an estrogen-receptor positive lobular carcinoma. Although 
shee responded to FE120C , high-dose chemotherapy did not seem the best treatment option for 
thiss patient. She was taken off protocol as a "protocol violation" and treated with hormonal 
therapy. . 
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Numberr of patients 41 1 

Mediann age in years (range) 

Hormonee responsiveness 
 ER negative (and PR positive) ) 
 ER positive P'-line HT failure 
 ER positive 2nd-line HT failure 
 ER unknown, 1 s'-line 
 ER unknown 

Numberr of sites of disease 
 i site 
 2 sites 
 3 sites 
 4 or more sites 

Sitess of disease 
 lymphnodes 
 bone 
 liver 
 lung/pleura 
 skin 
 stomach/intestine 

HTT failure 

 local recurrence/chest wall 
 contralateral breast 

Priorr therapy 
 radiation therapy 

-- adjuvant (after BCS parasternal) 
-- advanced disease 

 chemotherapy 
-- adjuvant 

44(26-55) ) 

28(2) ) 
6' ' 

4 4 
1 1 

12 2 
19 9 
6 6 
4 4 

23 3 
17 7 
9 9 
13 3 
4 4 
1 1 
10 0 
2 2 

31 1 
26 6 
5 5 

10 0 

10 0 

TableTable 1. Patient characteristics 

Abbrevations:: ER=estrogen receptor; PR= progesteron receptor; lsl-line HT = first line hormonal therapy; 2" -line 
HTT = second line hormonal therapy; BCS= breast conserving surgery. 
11 one patient went off study because she was to have ER/PR positive lobular carcinoma (protocol violation) 
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AA total of 86 tCTC courses was administered. Thirty-three patients (80 %) received a first 
course,, 30 of these (73%) a second course and 23 patients (56%) a third course too. After the 
firstt tCTC, one patient had to stop therapy because of abnormal liver function tests and two 
patientss were taken off study because of lack of response. After the second tCTC, seven 
patientss discontinued therapy because of toxicity: one patient because of sudden unexplained 
deathh on day 18 after the second course, three patients because of hemorrhagic cystitis, one 
patientt with asthenia and hematuria, one patient developed veno-occlusive disease and one 
patientt had refractory thrombopenia. The protocol required that second and third courses of 
tCTCC were started on day 22-29 after the previous PBPC transplantation, while the earliest 
timee point of 22 days was preferred. Following this policy, the median day on which the 
secondd and third courses have been started was 29 (range 22-36 and 22-43 days, respectively) 

afterr PBPC reinfusion. The second and third courses were delayed beyond day 30 in four and 
twoo patients, respectively. Reasons for delay were asthenia (two patients), infection (one 
patient)) or delayed bone marrow recovery (three patients). Dose modifications were applied in 
threee patients, all in the third course. In one patient the dose of all medication was reduced by 
255 % because of diarrhea, in one patient the carboplatin-dose was reduced by 50 % because of 
ototoxicity.. Another patient received no cyclophosphamide in the third course because of 
hemorrhagicc cystitis in the second course. In an additional patient the third course was stopped 
onn day 4 because of an allergic reaction (skin rash, hypotension). 

PeripheralPeripheral blood progenitor cell collection 
Peripherall  blood cells were collected in 37 patients, following the second FE120C course. One 
patientt required a third FE120C course for stem cell harvesting. 
AA median of 33.6 liters (range 10-73) blood per patient was processed in a median of three 
(range:: 2-7) apheresis procedures. A median of 15 x 106/kg (range: 5-36) CD34+ cells and 186 
xx 104/kg (range: 36-432) CFU-GM per patient were harvested. 

BoneBone marrow reconstitution after multiple tiny CTC 
Neutrophill  recovery (defined as neutrophils > 500 x 106/1) was rapid after the first, second and 
thirdd cycles. The median value was 10 days for all the three courses. The number of reinfused 
CD34+-cellss was not significantly different for the three courses, although the highest number 
wass given after the third cycle. The time to platelet recovery was longer and tended to increase 
inn the second and third cycle (median values 13, 16 and 18 days, respectively). This increase 
inn time to platelet recovery is mainly caused by platelet consumption in patients with veno-
occlusivee disease or hemorrhagic cystitis. The number of platelet (median of four) and red cell 
transfusionss (median of 7 units) was not significantly different over the three courses. 
Thee median inpatient stay after the day of PBPC reinfusion was 2 (range 1-19), 10 (range 1-
60)) and 4 (range 1-31) days, respectively in the first, second and third cycle. Readmission was 
necessaryy in eight, nine and five of the first, second and third cycles, respectively (26% of all 
866 tCTC cycles) with a median inpatient stay of 9.5 (range 3-17), 10 (range 3-14) and 19 
(rangee 5-45) days, respectively. The reason for admission was febrile neutropenia in most 
cases. . 
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OrganOrgan toxicity of multiple courses tiny CTC 
AA total of 86 tCTC courses was given to 33 patients. Twenty-three patients received all three 
courses,, seven patients two courses and three patients only a single course. The major 
toxicitiess of tCTC are listed in Table 2. 

Toxicityy Number of tCTC courses 

hemorrhagicc cystitis 6 

prolongedd gastrointestinal toxicity (reversible) 3 

veno-occlusivee disease (non-!ethal) 2 

allergicc reaction to tCTC 2 

radiationn pneumonia 2 

symptomaticc ototoxicity 1 

TableTable 2. Major toxicities oftCTC courses 

GastrointestinalGastrointestinal toxicity 
Nauseaa and vomiting varied from occasionally during the days of chemotherapy to grade 3 or 
44 gastrointestinal toxicity (according to Common Toxicity Criteria) in seven courses (8 %). 
Prolongedd (reversible) gastrointestinal toxicity was seen in three courses. The grade of toxicity 
tendedd to increase slightly with the number of courses. Grade 1-2 diarrhea was seen in 79 %, 
43%,, 61% of the first, second and third courses, respectively, and grade 3-4 diarrhea occurred 
inn 6, 13 and % of the first, second and third courses, respectively. Mucositis was not very 
frequentt and was usually mild. The frequency and severity tended to increase with the number 
off  courses: grade 1-2 toxicity appeared in 6%, 13% and 9% of the first, second and third 
courses,, respectively. Grade 3-4 toxicity only occurred in the third courses (9%). Because of 
dosee adaptations in second and third courses, the severity of diarrhea, vomiting and mucositis 
mayy be underestimated in the later courses. The mean weight loss was 6.3 kg (range 0-15 kg) 
afterr three tCTC courses. 

NeurotoxicityNeurotoxicity and ototoxicity 
Beforee each tCTC course audiograms were performed. One patient showed grade 2 ototoxicity 
afterr the second tiny CTC course. The audiogram of this patient showed progressive hearing 
losss of high frequency tones and the dosage of carboplatin was 50 % reduced. This patient also 
hadd a neurotoxicity grade 1. 
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Neurotoxicityy was seen in five patients and was not higher than a grade 1 sensory 

polyneuropathy,, localized in fingers (four patients) and the ulnar nerve (one patient). Three 

patientss mentioned concentration and memory disturbances during the high-dose 

chemotherapy. . 

CardiopulmonaryCardiopulmonary toxicity 

Minorr cardiac toxicity was seen in one of the first courses (3 %) and in three (9 %) of the 

secondd courses. This consisted of bradycardia, possibly associated with the high-dose 

chemotherapy.. In all patients these symptoms were reversible. 

Threee patients developed respiratory infections requiring antibiotics, all patients during the 

firstfirst course. One patient had a septic shock caused by a bacterial pneumonia, requiring 

antibioticss and fluid administration. Admission to the intensive care unit was not necessary. 

Al ll  these patients fully completed the three tCTC courses and two of them did not have any 

pulmonaryy infection in the next courses. 

Twoo patients developed radiation pneumonia, both 3 months after three courses tiny CTC 

followedd by radiotherapy. Both patients responded rapidly to corticosteroids. 

LiverLiver and renal toxicity 

Mostt patients had slight liver enzyme elevation during therapy; most of these were reversible 

andd did not worsen in subsequent courses. In two patients the deterioration of liver functions 

wass attributable to veno-occlusive disease (VOD) after the second and third tCTC course, 

respectively.. None of these patients died of VOD. Two other patients with prolonged liver 

functionn disorders did not proceed to the next courses after the first one. 

Renall  toxicity was minor: only during two courses was a major although reversible elevation 

off  creatinine seen. In none of these patients the creatinine clearance decreased irreversibly 
beloww 50 ml/min. 

HemorrhagicHemorrhagic cystitis 

Reversiblee hemorrhagic cystitis was seen in six patients varying from mild to moderate. In 

fourr patients this complication was one of the reasons for not proceeding to the next course. 

ToxicToxic death 

Onee patient died suddenly 18 days after stem cell reinfusion, while recovering from the second 

coursee of tCTC. The neutrophil count was already normal, but she was still platelet transfusion 

dependent.. Over the preceding days, no abnormalities were noticed. Autopsy was not 

permitted,, so the cause of death remains unclear. 

OtherOther toxicities 

Skinn toxicity was frequently seen (in 29% of 86 courses), mostly consisting of mild rashes 
resolvingg within 1 or 2 weeks. Only in two courses was a toxicity of grade 3 or more seen. 
Onee patient developed hand-foot syndrome. Al l skin lesions resolved, sometimes with 
irregularr skin pigmentation 
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Feverr was seen with many courses. In the first, second and third courses a temperature of > 39 
degreess Celsius was seen in 48, 70 and 52%, respectively. The fever period was mostly brief 
withh a median duration in all three courses of about 2-2.5 days. 
Ann allergic reaction to tCTC therapy was seen in two patients, both patients in the third 
course.. In one patient the course was discontinued for this reason. In the other patient only a 
skinn reaction consisting of prurigo and rash was seen. 
Unexpectedly,, irreversible alopecia was seen in four patients (follow-up time 25-52 months). 
Inn two of these patients some hair growth returned later, but it was patchy and never became 
normal. . 

SecondSecond tumors 
Inn one patient melanoma Clarke IV was diagnosed and treated by surgery. No other second 
tumorss have been diagnosed to date. 

ResponseResponse to chemotherapy 
AA total of 25 (61%) patients achieved an objective remission (17 partial (PR) and eight 
completee response (CR)) after FE120C courses. Twenty-four of these patients and nine of 11 
patientss with stable disease, minimal response or no evaluable disease proceeded to high-dose 
chemotherapy.. Twenty patients (49% of all patients) had a complete and nine (22%) a partial 
remissionn after high-dose chemotherapy. Twelve of the 17 (70%) patients with a partial 
remissionn after FE120C courses converted to a complete response after tCTC courses. One 
patientt had a clinical CR and underwent salvage mastectomy. The pathological specimen 
showedd two residual micrometastases. Two patients with a PR after tCTC achieved CR after 
partiall  liver resection. Pathologic examination of the resected liver tissue showed only necrosis 
inn one of these patients, but in the other patient viable tumor was seen. 

Survival Survival 
Att the time of this analysis, the median follow-up duration in surviving patients was 43 
monthss (range 25-61). Fifteen (37%) of the 41 patients were still alive, nine (22%) with no 
evidencee of disease (survival duration 25-62+ months) and 6 (15%) patients were alive with 
diseasee (survival duration 26-62+ months). 
Overalll  survival (OS) at 3 and 4 years after treatment was 40 % and 30 %, respectively, for the 
wholee patient group. Progression-free survival 3 years and 4 years after treatment was 23% for 
thee whole group (Figure 1). 
Mediann overall survival was 27 months and median progression-free survival was 12 months 
forr the whole group. OS and PFS for the patient group treated with high-dose chemotherapy 
weree not different from the overall patient group: 29 and 28%, with a median duration of 28 
andd 11 months, respectively. As expected, the group of patients with a complete or partial 
responsee to FEi20C chemotherapy had a better OS and PFS than did the chemotherapy-
refractoryy patients. If the analysis is limited to the (favorable) subgroup of 29 patients who had 
somee evidence of tumor regression (> 25%) after two courses of FE120C (including two 
patientss with non evaluable disease), nine of these patients (31%) are still alive without disease 
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25-611 months after start of treatment. The survival-curves for FE|2oC-responders show a PFS 

andd OS of 32 and 36 %, respectively at 4 years and a median PFS and OS duration of 15 and 

333 months, respectively (Figure 2). 

100 0 

Progression-freee survival (32 events) 
Overalll survival (26 events) 

-r~ ~ 
12 2 244 36 48 

Monthss after treatment 

FigureFigure 1. Progression -free and overall survival of all patients 

FigureFigure 2a. Overall survival in the 29 FEnoC-responsive patients. The median OS duration 

waswas 36% with a duration of 33 months. Figure 2b. Progression-free survival in the 29 

FEi2oC-responsiveFEi2oC-responsive patients. The median PFS duration was 32% with a median duration of 15 

months.months. The thin lines indicate the Greenwood (95%) confidence interval (ci). 
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Figuree 2a 
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Figuree 2b 
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Somee of characteristics of the patients with a progression free survival longer than 18 months 
("longg PFS-group") are shown in Table 3. Although the groups are small, these data strongly 
suggestt that in this "long PFS-group" more patients have limited disease (metastatic disease in 
onlyy one or two sites). In this group all patients had only one or two metastatic sites, but in the 
patientt group with PFS shorter than 18 months only 65% had limited disease. In addition, most 
patientss in the long PFS group had soft tissue metastases (skin, lymph nodes, local 
recurrences)) and less bone or liver involvement: bone and liver metastases were seen in 33% 
inn the "long PFS group" vs 51% in the overall patient. These latter findings are not 
unexpected,, as limited disease, soft tissue involvement and response to chemotherapy are also 
favorablee factors in conventional chemotherapy. In this study, age was not different between 
thee groups with a PFS longer and shorter than 18 months. 

Discussion n 

Thee ultimate goal of repeated high-dose chemotherapy in stage IV breast cancer is to achieve 
long-termm survival for at least a subgroup of patients. This hope is not unrealistic since a large 
numberr of phase II studies and also data from both the American and European bone marrow 
registriess suggest that a small proportion of patients survives free of disease without further 
treatmentt [1,2,3]. It is the objective of our triple tCTC regimen to increase the level of this 'tail 
off  the survival-curve'. 
Severall  authors have reported on prognostic factors predicting survival after high-dose therapy 
[4,5,6,14,15].. Most studies agree that the patients most likely to benefit from intensive 
chemotherapyy are patients with limited metastatic disease, who are in good clinical condition 
andd who respond to conventional-dose chemotherapy. The findings in our phase II study are 
entirelyy consistent with this concept. Some authors have found that tumors with a positive 
estrogenn receptor do better than tumors with a negative one, but this is controversial [6,16,17]. 
Wee have selected our patients for either estrogen receptor negativity or for failure to respond 
too endocrine treatment. We believe that high-dose chemotherapy continues to be an 
experimentall  treatment, should be restricted to patients in whom the likelihood of a 
satisfactoryy and durable response with hormonal agents is small. 
Thee design of high-dose chemotherapy regimens for advanced breast cancer continues to be a 
subjectt of debate. Several investigators have argued that high-dose chemotherapy should be 
givenn up-front, without conventional dose induction chemotherapy [18,19]. There are no 
clinicall  studies reported thus far, which convincingly support this hypothesis. There are certain 
mathematicall  models that support the high-dose chemotherapy up-front concept [19,20], but it 
iss at present unclear whether mathematical models have any predictive value. In contrast, 
high-dosee chemotherapy as late intensification has been shown to be effective in other tumors, 
suchh as non-Hodgkin's lymphoma [21] and conventional chemotherapy offers the additional 
benefitt that it helps to identify a patient population that is more likely to derive long-term 
benefitt [22]. 
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Patient Patient 
number number 

(12(12 patients) 

3 3 

4 4 

14 4 

15 5 

16 6 

18 8 

20 0 

21 1 

23 3 

32 2 

34 4 

39 9 

Age Age 

(yrs) (yrs) 

50 0 

39 9 

35 5 

47 7 

52 2 

32 2 

49 9 

44 4 

49 9 

43 3 

31 1 

46 6 

PFS PFS 

(months) (months) 

62+ + 

611 + 

23 3 

29 9 

48+ + 

4H+ + 

44+ + 

35 5 

44+ + 

32+ + 

30+ + 

25+ + 

Response Response 
after after 

FE,FE,::,C ,C 

CR R 

CR R 

PR R 

CR R 

PR R 

CR R 

CR R 

PR R 

PR R 

PR R 

NE E 

CR R 

NumberNumber of 
sites sites 

1 1 

2 2 

2 2 

1 1 

2 2 

1 1 

1 1 

2 2 

1 1 

i i 

1 1 

1 1 

Metastatic Metastatic 
sites sites 

Supraclavicular r 
lymphnodes s 
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TableTable 3. Characteristics of patients with a progression free survival (PFS) longer than 18 months 

11 Abbrevations: CR=complete response;PR-partial respons; NE= not evaluable; SL=supraclavicular lymphnodes; 
AL== axillary lymphnodes; ALD-axillary lymphnode dissection; NED=no evidence of disease; AWD= alive with 
disease;; DOD= death of disease 
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High-dosee chemotherapy can induce a long-term survival in a subgroup of patients, but the 
questionn remains as to whether this subgroup is larger than that which achieves long-term 
disease-freee survival after conventional-dose chemotherapy. The only randomized study 
addressingg this is the recently published study of Stadtmauer et al. ("Philadelphia study") [7], 
Inn this study all patients received four and six cycles of standard combination chemotherapy. 
Patientss with a complete or partial response were randomly assigned to receive either a single 
coursee of high dose carboplatin, thiotepa, and cyclophosphamide plus autologous 
hematopoieticc stem cell transplantation or 24 cycles of conventional chemotherapy 
(cyclophosphamide,, 5-fluorouracil, methotrexate). Disappointingly, this study does not show a 
differencee in disease-free survival between the patients in the standard-dose arm and the high-
dosee arm. The standard-arm in this study contains a relatively high cumulative dose of 
cyclophosphamide:: a median of eight additional courses of CMF (cumulative 
cyclophosphamidee dose 11.2 grams/m") was given to the patients randomized to the 
conventionall  arm of the study. This is almost the double the dose of cyclophosphamide in the 
CTCbb regimen. If it is true that certain tumors require either a high-dose cumulative dose of 
chemotherapyy or a long period of treatment, then these tumors were obviously more 
effectivelyy treated in the conventional arm. However, this comment certainly does not 
invalidatee the results of the "Philadelphia study". 
Anotherr matter of debate is whether or not repeated high-dose chemotherapy can best be given 
ass high-dose alternating chemotherapy, in which several different agents are used sequentially 
att their maximum dose [23,24], or if repeated administration of the same high-dose regimen in 
aa tight time-frame would be preferable. We have advocated the latter approach, mainly 
becausee alternating chemotherapy has not shown any clinical advantage in the conventional 
dosee setting [25,26,27]. It is difficult to see why different laws would govern the 
administrationn of high-dose chemotherapy than that govern conventional dose chemotherapy. 
AA drawback of repeating the same high-dose regimen, however, is the threat of severe end-
organn toxicity. The present study shows that such toxicity is acceptable and manageable, but it 
requiress a decrease of the chemotherapy dose below the dose that can be tolerated when only a 
singlee course is given. Since we are not informed about the shape of the dose-response curve 
inn advanced breast cancer (this curve may be different for each individual tumor) [28] we do 
nott know at this point if this is a significant drawback. 
Resultss of the intensive treatment regimen are encouraging and it might be possible to increase 
thee "tail of the survival curve", especially in the FE120C responsive patients. However, since 
thee patient group was small and highly selected (good performance status, only 25% of 
patientss previously treated with chemotherapy, young age, no massive bone metastases), no 
firmfirm conclusions can be drawn. 
Sixtyy percent (20 of the 33) patients receiving at least one course of high-dose chemotherapy 
achievedd a complete response. More importantly, long-term disease-free survival (here defined 
ass disease-free survival beyond 3 years) was 21% for the whole patient group and 32% for 
patientss responsive to conventional-dose chemotherapy. Moreover, in 10 of the 12 patients 
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withh a PFS beyond 3 years it was possible to complete high-dose treatment with local 
radiotherapyy or surgery on residual disease. This could have contributed to an increase in PFS. 
Mostt patients with a PFS beyond 3 years had soft tissue metastases (skin, lymph nodes, local 
recurrences)) and less bone or liver involvement: (51% in the overall patient group vs 33% in 
thee patients with a PFS >3 years). This is not unexpected, as limited disease, soft tissue 
involvementt and response to chemotherapy are also favorable factors with conventional 
chemotherapy. . 
Evenn if the survival curves represent an improvement in what could be achieved with 
conventionall  dose chemotherapy [29], it is clear that many patients in complete remission 
eventuallyy relapse. It is apparently possible to induce a state of minimal residual disease in the 
majorityy of patients when high-dose chemotherapy is applied. 
Thesee considerations leave us with two broad strategies to further improve the results of high-
dosee chemotherapy in hormone refractory patients with advanced breast cancer. The first is 
betterr selection of tumors likely to respond to high doses of alkylating agents. This is at 
presentt impossible, but it may well be that certain genetic characteristics of tumors will be 
shownn to be predictive in the near future. We hope that the simultaneous measurement of 
expressionn of many genes that has recently become possible by micro-array analysis will help 
too select these tumors [30,31]. A second approach is to attempt to eradicate or at least control 
micro-metastaticc disease by immunotherapy, anti-angiogenesis agents or by other non-
myelosuppressivee treatment with non-cross-resistant drugs. Recent reports have suggested, for 
example,, that paclitaxel can be used safely in the post-transplant setting without profound 
myelosuppressionn [32]. 
Repeatedd high-dose chemotherapy continues to be a viable, although experimental option in 
thee treatment of patients with limited stage IV breast cancer, who respond to conventional 
chemotherapy. . 
Sincee the treatment strategies and the supportive care technology continue to evolve rapidly, it 
mayy be too early to compare the present treatment with conventional chemotherapy. 
Furtherr studies may teach us which patients will derive most benefit of repeated high-dose 
therapy.. Additional innovative strategies are warranted to maintain complete remission. 
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