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ChapterChapter 1 

Introductio n n 

Breastt cancer is a common disease and a major cause of death all over the world. During 2000, 
inn the Netherlands alone, 10,000 patients were diagnosed with breast cancer. In Europe the 
numberr of new breast cancer patients is approximately 345,000 per year and in the USA it is 
202,0000 [1]. Breast cancer continues to be a frequently fatal disease and despite major 
advancess in treatment, about 40% of the patients will ultimately die of the disease. Local 
treatmentt (surgery and radiotherapy) is quite effective and locoregional recurrences are 
relativelyy rare (below 10%). Most patients who die through treatment failure, die of secondary 
metastases.. Consequently, treatment efforts are focused on either prevention or treatment of 
metastases.. This has resulted in hormonal adjuvant treatment of hormone sensitive tumours 
(primarilyy tamoxifen) to reduce the risk of recurrence. Present studies are focusing on 
improvementt of the hormonal treatment and especially on the role of the new agents such as 
aromatase-inhibitorss and ovarian ablation in premenopausal patients. Furthermore, many 
patientss and even more after the recent Oxford overview [2], are treated with adjuvant 
chemotherapy.. Despite these improvements in adjuvant therapy, many patients relapse. 
Metastaticc breast cancer continues to be essentially incurable, even after an initial response to 
hormonall  or chemotherapeutical treatment. Therefore, several strategies are directed to 
overcomee the drug resistance of metastases. One of these strategies is high-dose chemotherapy 
withh stem cell or bone marrow transplantation. 

Rationalee for  high-dose chemotherapy (HD-CT) 

Thee goal of this treatment should be, as in leukaemia and lymphomas, the achievement of 
long-term,, disease-free survival or cure in a significant number of the patients. The principles 
off  autologous stem-cell or bone marrow transplantation have been derived from the principles 
off  allogeneic transplantation in haematological malignancies [3]. Autologous transplantation 
cann overcome bone marrow suppression, but is lacking a possible contribution of graft versus 
hostt disease as anti-tumour-effect. Bone marrow or stem cell transplantation in the autologous 
settingg allows higher therapeutic doses of myelosuppressive agents which should result in a 
betterr tumour response. The most suitable chemotherapeutic agents for this procedure are 
alkylatingg agents. Alkylators have myelosuppression as the dose-limiting factor and have a 
broadd spectrum of anti-tumour activity. Preclinical studies have shown the existence of a steep 
dose-responsee relation and a linear increase in log-cell kill with increasing doses of alkylating 
agents.. This linear dose-response relation is maintained through multiple logs of cell reduction 
[3,4].. The combination of different chemotherapeutic agents is based on the differences in 
mechanismss of action and resistance. The biological mechanism of the diverse alkylating 
agentss differs, so they lack cross resistance [3,5] and even synergism has been postulated. 
Anotherr prerequisite for the combination regimen is that the drugs have a non-overlapping 
toxicityy profile. For instance, if myelotoxicity is overcome, the dose-limiting toxicity for 
BCNUU (carmustine) is pulmonary and hepatic toxicity and for carboplatin nephro-and 
neurotoxicityy [6,7]. 
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Introduction Introduction 

Thee hope that high-dose chemotherapy is able to induce long-term disease-free survival in a 
subgroupp of high-risk breast cancer patients and even in metastatic disease is based on results 
off  a large number of phase II studies {reviewed by Peters et al. [8]). Peters et al. performed a 
studyy of HD-CT as initial and only treatment in metastatic breast cancer patients and reported 
ann impressive progression-free survival in favour of high-dose chemotherapy. When compared 
withh historical data, 3 of the 22 patients achieved long-term survival [9]. Other evidence that it 
iss possible to achieve long-term survival with HD-CT in metastatic disease came from the 
Transplantt Registries in Europe [10] and North America [11], which showed that high-dose 
chemotherapyy could induce long-term survival in 10 to 20% of the stage IV patients. These 
initiall  encouraging results led to a somewhat uncritical acceptance of HD-CT in breast cancer 
andd many patients were treated off protocol. 

High-dosee chemotherapy in the adjuvant treatment of breast 
cancer r 

Thee most cited study is the study by Peters et al. [12]. In this study 85 patients with high-risk 
breastt cancer were treated with alkylating HD-CT and the results suggested a dramatic 
increasee in progression-free survival for high-dose chemotherapy over historical controls 
treatedd with conventional therapy. This and other encouraging results of small and 
uncontrolledd studies led to a marked increase of the popularity of high-dose chemotherapy and 
manyy patients were treated in and off-protocol. Subsequently, several events have caused the 
conversionn of the initial enthusiasm into criticism and even rejection. One of these factors was 
thee discovery of scientific fraud in a South African study [13]. In addition, several small 
randomizedd studies did not show the expected survival benefit and the results of the study of 
Peterss et al. [12] could not be replicated. This was probably due to a stricter patient selection 
inn the first high-dose studies than in the conventional studies [14,15] and an improvement in 
thee general prognosis of breast cancer as result of better adjuvant treatment. 
Untill  2002, 12 randomized studies of high-dose chemotherapy in primary high-risk breast 
cancerr have been reported (five of them in peer-reviewed journals), including a total of 4000 
patientss (Table 1). 

Threee of these 12 studies where small and included less than 100 patients. The first study was 
aa study of our institution [16,17] in which 81 patients with breast cancer and extensive lymph 
nodee involvement were randomized after up-front chemotherapy and surgery for additional 
conventionall  therapy or HD-CT with peripheral blood stem cell (PBSC) transplantation. The 
finall  results of this study are described in this thesis. The study did not show a benefit for the 
high-dosee arm, but it was underpowered and there was a long interval between the induction 
chemotherapyy and the high-dose treatment, theoretically allowing regrowth of micrometastatic 
tumourr cells. In another small single-institution study from the M.D. Anderson Cancer Centre 
[18],, 78 patients with high-risk breast cancer were randomized after eight cycles adjuvant 
therapyy to either two courses HD-CT (cisplatin, cyclophosphamide and etoposide) or no 
furtherr therapy. This study did not show an advantage for progression-free survival (PFS) and 

9 9 



ChapterChapter J 

overalll  survival (OS), but this study was also underpowered. Moreover, the dosage of the 
chemotherapeuticc agents was not truly high-dose. 

Autho r r 

Rochee [19] 

Nitzz [20] 

Tallman[21] ] 

Peterss [22] 

Rodenhuiss [16] 

Schramaa [17] 

Hortobagyi[18] ] 

Berghh [23] 

Crownn JP [24] 

Giannii [25] 

Zanderr [26] 

Tokudaa [27] 

Rodenhuiss [28] 

Stud y y 

PEGASEE 01 

Westt German 

INT0121 1 

American n 

Intergroup p 

Dutchh pilot 

M.D.. Anderson 

Scandinavian n 

Anglo-Celtic c 

Milann HD 

sequential l 

German n 

Japanese e 

Dutchh National 

Study y 

Selectio n n 
i i 

7N N 

9N N 

10N N 

10N N 

Infraclav v 

4N-10N N 

8N N 

4N N 

4N N 

10N N 

10N N 

4 N N 

Noo of 

randomize d d 

patient s s 

314 4 

403 3 

540 0 

783 3 

81 1 

78 8 

525 5 

605 5 

382 2 

307 7 

97 7 

885 5 

Inductio n n 

therap y y 

4xFE100C C 

6xCAF4 4 

4xCAF4 4 

4xFEC C 

SxCAF' ' 

4xAFM9 9 

4xEC C 

6xCAF" " 

4xFEC C 

Conventiona l l 

arm m 

Observation n 

4xEC-> > 

3xCMF F 

Observation n 

Intermediate e 

CPB5 5 

1xFEC C 

Observation n 

9xHDD FEC8 

observation n 

3xepi/ / 

6xCMF F 

3xCMF F 

Observation n 

1xFECH H 

HD-arm m 

CMA' ' 

2xEC C 

tandemm EC-t3 

CT10 0 

CPB6 6 

CTC C 

CEC7 7 

3xx LD FEC 

CTCb b 

CPB10 0 

HD/seq" " 

CTM12 2 

CT13 3 

CTC C 

RFS-analysi s s 

HDD better 

RFSS and OS s 

HDD Better 

RFSS and OS s 

Noo difference 

HDD less relapses, 

ns s 

Noo difference 

Noo difference 

9xHDD FEC better 

Noo difference 

HDD better,ns 

HDD better, ns 

HDD better.ns 

HDD better 

RFSsOSns ' 5 1 6 6 

TableTable 1. Randomized Randomized studies of high-dose vs. conventional dose chemotherapy in primary 
high-riskhigh-risk breast cancer 

Thee CALGB/Intergroup study [22] compared high and intermediate dose cyclophosphamide, 
BCNUU and cisplatin (CBP) after four cycles cyclophosphamide, adriamycin, 5-fluoro-uracil 
(CAF).. A point of criticism towards this study is that intermediate CBP is not a standard 
treatment.. In this study fewer relapses were seen in the high dose arm, not resulting in a better 

11 N- lymphnodes, 7N means 7 tumor-positive lymphnodes 
**  CMA=cycclophoshamide 120 mg/kg. mitoxantrone 45 mg/m2, melfalan 140 mg/m2 
II EC-T=tandem epirubicine 90 mg/m2, cyclophosphamide3000mg/m2-Thiotepa 400 ml rrr 
44 CAF=cyclophosphamide, adriamycin and 5-fluoro-uracil, differnt dosages 
55 intermediate CPB= cyclophosphamide 900 mg/m2, cisplatin 90 mg/m2, carmustin 90 mg/m2 with G-CSF 
hh CPB= cyclophosphamide 5625 mg/m2, cisplatin 165 mg/m2, carmustin 600 mg/m2 

77 CEC=cyclophosphamide, etoposide, cisplatin 
88 LD FEC = epirubicin 50 mg/m2 HD FEC= high-dose epirubicin tailored to patients tolerance 
99 APM=doxorubicin 25 mg/m2/dx3, 5-fluoro-uradi (500 or 750 mg/m2/dx5) and methotrexate 250 mg/m2 

100 CPB= cyclophosphamide 5625 mg/m2, cisplatin 165 mg/m2, carmustin 600 mg/m2 

""  ^cyclophosphamide 7 g/m2,lx methotrexate 8 g/m2,2xepirubicin 120 mg/m2, lx thiotepa 600 mg/m2 plus melphalan 160-
180mg/nr r 
122 CTM=cyclophosphamide 1500 mg/m2, thiotepa 150 mg/m2, mitoxantrone 10 mg/m2 on 4 consecutive days 
I II CT= cyclophosphamide 6 g/m2. thiotepa 600 mg/m2 (Tokuda), Thiotepa 800 mg/m2 (Tallman) 
144 FEC=5-fluoro-uracil, epirubicin, cyclophosphamide 
""  s=significant. ns=non-significant 
166 updated results after 74 months of follow-up (personal communication) 
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overalll  survival, presumably due to the high early toxic mortality-rate of 7.4 % mostly due to 
BCNU-relatedd pulmonary toxicity. 
Thee Scandinavian study of Bergh et al. [23] (525 patients) compared three cycles of induction 
FECC (5-fluoro-uracil, epirubicin, cyclophosphamide) followed by CTCb (cyclophosphamide, 
thiotepa,, carboplatin) or nine cycles of FEC with the dose tailored to individual tolerance. 
Thesee authors reported an improved PFS for the tailored FEC arm at a follow-up time of three 
years.. In this study, six patients developed leukaemia and another three myelodysplasia, all in 
thee conventional arm. The major comment on this study is that there was undertreatment in the 
high-dosee arm as the cumulative dose of epirubicin (150 mg/m2) in the high-dose arm was low 
comparedd to that in the conventional arm. Moreover, in this study probably patients with 
metastaticc disease were included, as patients with bone-marrow involvement and abnormal 
bonee scans were not excluded. 

Thee large Anglo-Celtic study [24] randomized between four times adriamycin (75 mg/m2) 
followedd by either 8 times CMF (cyclophosphamide, methotrexate, 5-fluoro-uracil) or HD-CT 
(cyclophosphamidee and thiotepa). The disease-free survival at a median follow-up of 4 years 
wass not significantly different between the two treatment arms (51 and 54%). 
Thee Milan study of Gianni et al. [25] showed no difference of PFS and OS for the whole 
patientt group, but subgroup analyses showed a trend to a better PFS in the group of patients 
whichh were younger than 36 years and with 4-9 tumour-positive lymph nodes. 
Thee French Pegase 01 study [19] found a significant advantage in PFS for HD-CT at 3 years 
(500 vs. 70.8%, p<0.003) without a difference in OS, but this study might be confounded by the 
factt that tamoxifen was only administered in post-menopausal women. The German [26] and 
thee Japanese study [27] all showed a trend for an increase in PFS without (yet) an increase in 
overalll  survival. 

Thee study of Tallman et al. [21] used a regimen with six courses of CAF, (cyclophosphamide 
1000 mg/m2 orally day 1-14, adriamycin 30 mg/m2 intravenously (iv) day 1 and 8 and 5-
fluorouracill  500 mg/m2 iv day 1 and 8, every 28 days) followed by observation or high dose 
chemotherapyy (carboplatin 6 g/m2 and thiotepa 800 mg/m2). They found no difference in 
overalll  or disease-free survival, but there was a high incidence of acute leukaemia and 
myelodysplasiaa (1.6% of the whole patient group), all in the high-dose treatment arm. 
Thee Dutch National Study [28] is the largest randomized trial with 885 patients included. In 
thiss study patients were randomized for 4 times FEC with either an additional FEC-course or 
CTCC with PBSC transplantation, followed by hormonal therapy and radiotherapy if indicated. 
Ann updated analysis of the data after 74 months of follow-up showed a significantly better 
relapse-freee survival (RFS) for the whole patient group (p=0.025, two sided). This RFS 
advantagee was limited to patients with HER-2 negative disease. This subgroup also had a 
significantt OS advantage after HD-CT. 

Inn summary, three of the twelve studies showed no benefit for high-dose chemotherapy and in 
contrast,, one study reported an advantage for the conventional arm. Another study had less 
relapses,, but this was balanced by a higher mortality rate. Nevertheless, four preliminary 
abstractss reported a better PFS without an increase in survival. In the large Dutch National 
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Study,, RFS-curves show a difference in favour of HD-CT, and even an impressive benefit in 
thee patient group with HER-2 negative tumours. It is therefore important to analyse the role of 
thee HER-2 status in the other randomized studies. 

High-dosee chemotherapy in advanced breast cancer 

Severall  studies have reported prognostic and predictive factors for benefit of HD-CT in 
metastaticc breast cancer patients. Most studies agree that limited disease, good clinical 
conditionn and responsiveness to conventional-dose chemotherapy are favourable factors. An 
uncontrolleduncontrolled but prospective Dutch study [29] showed that patients in first complete remission 
followingg conventional-dose chemotherapy had a long-term PFS of 43%, and similar data 
fromm the European bone marrow registry showed a 35% PFS for 3+ years in patients 
transplantedd in first remission of advanced breast cancer [10]. These and many other reports 
confirmm the early study of Peters et al. [9] which showed that a single course of HD-CT 
withoutt any other treatment could induce long-term PFS in 3 of the 22 patients. 
Thiss data indicates that HD-CT could induce long-term PFS in a subgroup of patients, but the 
questionn remains whether this subgroup would also achieve long-term survival after 
conventional-dosee therapy. It is very plausible that the uncontrolled high-dose studies have 
hadd a selection bias. Not many randomized studies have been performed in metastatic breast 
cancerr (Table 2). 

TableTable 2. Randomized studies of high-dose vs. conventional dose chemotherapy in advanced 
breastbreast cancer 

Autho r r 

Stadtmauer[31] ] 

Peterss [30] 

Madann [34] 

Lotzz [35] 

Bironn [36] 

Crumpp [37] 

Stud y y 

Philadelphia a 

Duke e 

Duke e 

Pegasee 04 

Pegasee 03 

NCIC C 

Selectio n n 

metastatic c 

metastatic c 

metastatic c 

metastatic c 

metastatic c 

metastatic c 

randomize d d 

patient ss  (') 

166(553) ) 

988 (423) 

699 (85) 

61 1 

1800 (308) 

219(386) ) 

Inductio n n 

therap y y 

4-6XCAFF or 

CMF2 2 

2-4xAFIvf f 

2-4xAFM M 

Conventional l 

therapy y 

4xFEC7 7 

4xAA or T9 

Conventiona l l 

arm m 

8CMF F 

Noo further 

treatment t 

Noo further 

treatment t 

2-44 cycles 

Noo further 

treatment t 

2-44 A or T 

High-dos e e 

arm m 

CTCbJ J 

CPB5 5 

CPB B 

CMM6 6 

CT8 8 

CMC10 0 

RFS-analysi s s 

Noo difference 

Immediatee HD 

better r 

Immediatee HD 

better r 

HDD better, ns 

HDD better, ns 

HDD better, ns 

11 Number of patients entered in the study 
22 CAF=cyclophosphamide, adriamycin. 5 fluoro-uracil or CMF=cyclophosphamide. methotrexate, 5-fluoro-uracil, depending on the adjuvant 
treatment t 
11 CTCb=cyclophosphamide 1500 mg/m2/d. thiotepa 125 mg/m2/d and carboplatin 200 mg/m2/d as eontinious infusion tor 4 days 
44 AFM=doxorubicin 25 mg/m2/dx3. 5-fluoro-uracil (500 or 750 mg/m2/dx5) and methotrexate 250 mg/m2 

 CPB= cyclophosphamide 5625 mg/m2. cisplatin 165 mg/m2, carmustin 600 mg/m2 
66 CMM=cyclophosphamide, mitoxantrone, melphalan (mitoxantrone: 45 mg/m2, cyclophosphamide: 120 mg/kg, melphalan: 140 mg/m2), 

FEC=5-fluoro-uracil,, epirubicin. cyclophosphamide 
KK CT= cyclophosphamide 6 g/m2, thiotepa 800 mg/m2 
vv A=anthracyclins or T=taxanes depending on the previous adjuvant therapy 
'"CMC== cyclophosphamide 1.5 g/m2. mitoxantrone 17.5 mg/m2, carboplatin 450 mg/m2 daily tor 4 days 
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Introduction Introduction 

Thee only randomized study published in a peer-reviewed journal is the study of Stadtmauer et 
al.. (Philadelphia study) [31]. This large study showed an improvement of PFS in the high-dose 
groupp and no difference in long-term disease-free survival between the treatment groups (both 
lowerr than 10%). This was, of course a discouraging result, but this study has several 
limitations.. In the first place, the number of actual randomized patients was low (199 chemo-
responsivee patients of the 553 included patients were treated with HD-CT). 
Secondly,, the patients in the conventional group received a higher cumulative dose of 
cyclophosphamidee in comparison to the high-dose chemotherapy group. 
Furthermore,, the CTCb regimen was employed, which differs from our CTC regimen in the 
factt that the cyclophosphamide and thiotepa are given as continuous infusions. Recent studies 
havee shown that thiotepa reduces the bioactivation of cyclophosphamide and therefore reduces 
thee area under the curve of the active metabolites [32, 33]. 
Inn addition, there was a long interval between the last dose of conventional therapy and 
transplantation.. This was because of the logistics and the time required for bone marrow or 
stemm cell mobilization and harvesting. In theory, this could have resulted in tumour-regrowth 
duringg the treatment-f ree interval. Two other randomized studies of HD-CT in advanced breast 
cancerr have compared immediate versus delayed use of HD-CT. One study was in 98 
hormone-refractoryy patients with metastatic disease in complete remission after induction 
chemotherapyy [22] and the other was in 69 patients with chemo-sensitive hormone refractory 
metastaticc breast cancer, which was confined to the bones [34]. Both studies found a 
statisticallyy significant improvement of PFS in the immediate high-dose group (0.9 vs. 0.3 
years// p=0.04) without an overall survival advantage. Two multicentre French studies 
randomizedd 61 and 180 patients, which were responding to standard-dose chemotherapy. In 
thee first study (Pegase 04) [35], patients were randomized to either receive two to four 
additionall  courses of conventional chemotherapy or high-dose chemotherapy (mitoxantrone 45 
mg/m2,, cyclophosphamide 120 mg/kg, melphalan 140 mg/m2 (CMA)). In the second study 
(Pegasee 03) [36], patients were randomized after four times FEC to no further treatment or 
HD-CTT (thiotepa 800 mg/m2 and cyclophosphamide 6000 mg/m2). Both studies showed an 
insignificantt trend for improved PFS. The Canadian study [37] randomized after four 
inductionn courses with taxanes or anthracyclins between 2-4 additional cycles of standard 
therapyy or 1-2 cycles of high-dose treatment (cyclophosphamide, mitoxantrone, carboplatin) 
andd found a benefit in PFS but not in OS. 
Manyy efforts have been made to identify the characteristics associated with long-term 
progression-freee survival following high-dose chemotherapy in metastatic breast cancer. Most 
studiess agree that patients who are likely to benefit from HD-CT are younger patients (< 50 
years)) with oligometastatic disease, or with otherwise limited metastatic disease, that responds 
welll  to standard-dose chemotherapy. Oligometastatic disease is defined as a small tumour 
burdenn with the possibility of local therapy (surgery or radiotherapy) of the detectable tumour 
masss after HD-CT. Oligometastatic disease has been retrospectively identified as a favourable 
prognosticc factor for outcome, independent of chemotherapy sensitivity, after both 
conventional-dosee [29,38] and high-dose chemotherapy [37,39,40,41,42]. Schneeweis et al. 
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[43]]  found a positive oestrogen receptor or positivity of both hormone receptors and complete 
responsee after HD-CT as independent prognostic factors in a multivariate analysis. Nieto et al. 
[44]]  performed a retrospective analysis of potential prognostic variables in 60 patients with 
minimall  metastatic disease treated with HD-CT (Cisplatin, Carmustin, Cyclophosphamide). 
Thiss group found that HER-2 overexpression, the number of sites and the primary axillary 
nodall  ratio were independent predictors for outcome. HER-2 has shown to be an unfavourable 
predictivee factor for response to HD-CT treatment in seven other studies 
[45,46,47,48,49,50,51]. . 
Differentt treatment strategies have been employed to improve the results of high-dose 
chemotherapyy in metastatic breast cancer. One strategy is to introduce new agents in the 
treatmentt schedules and another one is the repeated administration of courses of high-dose 
chemotherapy.. Our group has selected the latter strategy. A series of three consecutive full 
dosee courses of the previously reported CTC schedule, containing cyclophosphamide 6000 
mg/m2,, thiotepa 480 mg/m2 and carboplatin 1600 mg/m2, has shown to be associated with 
unacceptablee major toxicities [52] such as haemorrhagic cystitis, veno-occlusive disease of the 
liverr and haemolytic uremic syndrome. We reduced the dose of each course with one third and 
preliminaryy results have shown that such a regimen is feasible [53]. In this thesis, we describe 
thee results of a phase IT study applying this regimen in patients with metastatic breast cancer 
[54]. . 

Patientt  selection for  high-dose chemotherapy in breast cancer 

Theree are strong indications that high-dose chemotherapy is beneficial for a subset of patients 
andd much work has been done to identify this patient group more precisely. HER-2 is 
consideredd as an important prognostic factor. Patients with HER-2 positive breast tumours 
havee been shown to have a poor prognosis despite conventional adjuvant therapy [55] and 
thereforee many of these patients have participated in dose-intensive therapy regimens [56,57], 
Butt retrospective analysis of uncontrolled high-dose studies in metastatic and adjuvant setting 
havee shown that HER-2 positive tumours respond very poorly to HD-CT 
[45,46,47,48,49,50,51].. The preferential selection of HER-2 positive tumours for treatment 
regimenss incorporating high-dose therapy may thus have resulted in a negative patient 
inclusionn bias [58]. Retrospective studies have shown that HER-2 overexpression in tumours 
iss associated with sensitivity to anthracyclin based regimens [59] and it is thought that HER-2 
positivee tumours are relatively resistant to alkylators and thus to an alkylating high-dose 
regimen.. The fact that HER-2 tumours are more sensitive to anthracyclins can be explained by 
thee finding that expression of HER-2 is often correlated with overexpression of topo-
isomerasee II alpha (Topo2A). Topo-isomerase is the target enzyme for topo-isomerase II 
inhibitorss such as anthracyclins and in vitro data have shown a relation between the 
intranuclearr topo-isomerase II alpha levels and sensitivity to anthracyclins [60]. In addition, it 
hass been reported that Topo2A gene amplification, deletion or both is found in 50-80% of the 
breastt tumours with HER-2 amplification. No Topo2A gene aberrations were found in 
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tumourss without HER-2 overexpression [61]. In the large Dutch randomized study (N4+ 
study)) 885 patients were randomized to either high-dose or conventional therapy. An 
unplannedd subgroup analysis of 620 patients with no or low HER-2 expressing tumours 
showedd a remarkably significant increase in PFS (hazard ratio 0.66, p=0.002), lower relapse 
ratee after HD-CT (28 % in the high-dose versus 41 % percent in the conventional group) and a 
overalll  survival benefit for the high-dose therapy arm. This means that patients with HER-2 
positivee tumours had no benefit of HD-CT. 
Inn the Dutch National study the younger patients (< 40 years) were more sensitive to HD-CT. 
Surprisingly,, the effect of high-dose chemotherapy appears to be stronger in patients with 
tumourss having a low grade of malignancy. These findings are different from what we 
assumedd about sensitivity of tumours and this knowledge has consequences for the selection of 
patientss for the HD-CT. These findings have to be verified in the other large randomized 
studies.. In the near future it will probably be possible to identify more exactly the patients with 
tumourss responsive to HD-CT by the new promising micro-array techniques [62]. 

Postt  high-dose chemotherapy treatment 

Despitee the curative intent of high-dose chemotherapy, most patients will ultimately relapse. 
Neww strategies have to be developed to maintain the PFS and achieve a cure. Initially, 
hormonee sensitive tumours have been treated with an endocrine therapy post-HD-CT. 
Montemurroo [63] studied 109 patients with hormone-sensitive tumours who were non-
randomlyy assigned to maintenance endocrine treatment after HD-CT and found an association 
betweenn hormonal treatment for adjuvant or metastatic disease and progression-free survival. 
Inn many trials of HD-CT the treatment regimen is followed by tamoxifen in hormone-receptor 
positivee patients. The role of aromatase-inhibitors in this setting has not yet been evaluated. 
Onee strategy, to attack (micro)metastatic disease is immunotherapy. Immunotherapy may not 
havee the capacity to control a large tumour mass. From this point of view, the post-
transplantationn period with a maximally reduced tumour burden could be the optimal timing 
forr immunotherapy. Subsets of cancer cells can (re)express molecules on their surface which 
aree not typically present on the surface of the normal cells. Unfortunately, breast cancer is not 
aa very immunogenic tumour. What is more, post transplantation T-cell function is reduced 
afterr HD-CT [64,65]. A cancer vaccine treatment strategy is based on the assumption that the 
immunee system could react with an immune-response to the antigens on the cancer cells. This 
immunee response may, however, be inadequate due to low immunogenicity of the antigen, 
downn regulation of MHC molecules, lack of adequate co-stimulators or the presence of 
inhibitoryy cytokines. In our institution, De Gast et al. [66] have performed a study with 
interleukine-22 (IL-2), granulocyte/macrophage-colony stimulating factor (GM-CSF) and 
donor-lymphocytee reinfusion to induce a rapid recovery of the T~cells and thus obtain an anti-
tumourr effect early after transplantation. They found a rapid recovery of CD8+ T cells with 
granulocyte-colonyy stimulating factor (G-CSF) alone while the recovery of CD4+ cells 
requiredd lymphocyte reinfusion and GM-CSF. It is yet unclear whether this will result in delay 
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off  relapse or survival benefit. Porrata et al. [67] found a relation between the early absolute 
lymphocytee count <ALC) at day 15 post-autologous stem cell transplantation in metastatic 
breastt cancer and the disease-free survival in these patients. In this thesis, the relationship 
betweenn ALC on day 15 and survival in a similar patient group was studied and found no 
significantt relationship (chapter 5). Cytokines such as interleukins and hormones such as 
prolactinn [68] have been extensively studied as immunotherapy. Recently, IL-2 has been used 
alsoo in breast cancer. Sosman et al. [69] described a pilot-study of mobilisation with IL-2 and 
G-CSFF and found enhanced numbers of anti-tumour effector cells, and fewer but sufficient 
CD34++ cells in the mobilized graft. Moreover, post-stem-cell immune-reconstitution of anti-
tumourr immune effector cells was increased. Several other studies have looked in to the 
feasibilityy of IL-2 in breast cancer patients [70,71]. Some investigators have combined IL-2 
withh interferon [72] with or without natural killer (NK) cells [73,74] to upregulate natural 
killerr cell function and therefore anti-tumour activity. 
AA range of different vaccines have been tested with inactivated and irradiated cancer cells or 
geneticallyy modified cancer cells. A few pilot vaccination studies in breast cancer have been 
published:: Wood et al. [75] immunized 20 patients in a pilot study with a vaccine made of 
irradiatedd breast cells and combined this with G-CSF. Peripheral blood mononuclear cells 
weree collected by leukocytapheresis and expanded by IL-2 and anti-CD3. After HD-CT, 
lymphocytess were reinfused to eliminate minimal residual disease. Holmberg et al. [76] 
administeredd five times a cancer vaccine from day 30 after transplantation. In this non-
randomizedd study with 40 patients they found a trend for a decrease in relapse and death with 
vaccination.. Dendritic cell-based vaccines infusion could possibly improve the presentation of 
thee antigen to the immune system. Only preclinical data is available [77]. 
Thee role of trastuzumab (monoclonal antibody directed to HER-2) in treatment of minimal 
residuall  disease after HD-CT in patients with HER-2 positive breast cancer is very interesting. 
Butt according to the available data, HD-CT is not of benefit in the patients with HER-2 
positivee tumours. 
Pilott studies of other antibodies are under development (monoclonal antibody 17-la [78]). 
Administrationn of the immunosuppressive drug cyclosporine A following autologous stem cell 
transplantationn paradoxically elicits a systemic autoimmune syndrome resembling graft-versus 
hostt disease (GVHD) and is associated with auto reactive CD8+ T cells that recognize the 
majorr histocompatibility complex. Van der Wall et al. [79] investigated the administration of 
cyclosporinee A and interferon gamma and found GVHD in 36 % of the patients and 
autotoxicityy against their own lymphoblasts in vitro, but no correlation of GVHD with PFS 
andd OS. In summary, not many clinical trials have yet been performed, and in pilot studies 
generall  immunoactivation has been seen without tumour-regression. 
Anotherr policy to control minimal residual disease is chemotherapy. Some cancer cells can 
escapee the damaging alkylating agents in the HD-CT, for instance by DNA repair 
mechanisms.. Patients after HD-CT are usually not treated with chemotherapy immediately 
afterr HD-CT, because the concern is that the stem cell graft is very sensitive to 
myelosuppressionn and might be irreversible damaged. Previous studies studied have shown 
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thatt taxane administration immediately after HD-CT was safe without delayed toxicities 
[80,81,82].. In our institute, we are now performing a study in which patients with metastatic 
breastt cancer are treated with three courses of tiny CTC followed by weekly oral paclitaxel for 
66 months. The data of this study are still immature. An additional interesting point of 
paclitaxell  is that it has shown to have anti-angiogenetic properties [83]. Other anti-
angiogeneticc agents are not freely available for trials in this setting and their activity still has 
too be proven in humans. 

Aimm and outline of the thesis 

High-dosee chemotherapy in breast cancer appears to be an effective treatment modality with 
thee potential to improve the adjuvant therapy for a subgroup of patients and to achieve long-
termm (disease-free) survival in a subgroup of patients with oligometastatic disease. Despite a 
completee remission after HD-CT, many patients will ultimately relapse. Apparently, HD-CT 
inducess a state of minimal residual disease and future strategies have to be developed to 
eradicatee these tumour cells after the HD-CT. The therapy is now acceptably safe and the 
aplasticc phase has been shortened by the introduction of growth factors and peripheral stem 
celll  mobilisation rather than bone marrow harvesting. The treatment regimen is loosing its 
unpredictablee organ toxicity by the strategy of pharmacokinetic dose-monitoring. Long-term 
toxicityy seems limited, but the follow-up time of the large randomized studies is still 
insufficient.. The recent findings suggest that although high-dose chemotherapy is certainly not 
indicatedd for all breast cancer patients, it may become part of the standard treatment of breast 
cancerr in a selected group of patients. It is even still possible that long-term evaluation of the 
patientss will elucidate a survival advantage for HD-CT as the follow-up of some trials is very 
short. . 
Thiss thesis describes the experience with high-dose chemotherapy in patients with stage II and 
stagee IV breast cancer. It has become clear that high-dose chemotherapy is effective in only a 
subgroupp of patients, and in these studies we focused on prognostic factors for long-term 
survivall  after high-dose chemotherapy. We also studied the efficacy of multiple courses HD-
CTT in stage IV breast cancer. As the studies of HD-CT have matured, it is possible to analyse 
bothh the short and long term toxicity. 
Inn chapter  2 an overview of the literature on dose intensive chemotherapy in locally advanced 
breastt cancer is given. In chapter  3 the final analysis of a randomized study in patients with 
operablee breast cancer with extensive lymphnode involvement is described. In this study, we 
alsoo analysed the prognostic factors for long-term survival. 
Dosee intensification can be done in different ways. In our institution we chose the policy of 
multiplee courses of high-dose chemotherapy. Chapter  4 describes the results of a phase II 
studyy of multiple courses HD-CT (three courses of each two-thirds of the full course HD-CT). 
Anti-tumourr immunity may play a role in controlling minimal residual disease after high-dose 
chemotherapy.. In theory, protracted recovery of the immunity could lead to defective control 
off  minimal residual disease. In chapter  5 we looked at lymphocyte recovery after HD-CT. 
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Althoughh toxicity of HD-CT has diminished by the use of growth factors and a better 
supportivee care, it is still a toxic treatment. In chapter  6 we analysed the short and long-term 
toxicityy in the first 100 HD-CT courses (the CTC regimen) administered in the Antoni van 
Leeuwenhoekk Hospital. 
Manyy patients do relapse after HD-CT and most of them receive hormonal treatment or 
chemotherapy.. In chapter  7 we studied efficacy and feasibility of palliative chemotherapy 
afterr HD-CT. 
HER-22 has shown to be an important negative predictive factor for response to HD-CT. In 
chapterr  8 we studied HER-2 and the response to HD-CT in metastatic breast cancer. We used 
immunohistochemicc staining, CISH and tissue microarray on the pathologic specimens of 
tumourr tissue. We also studied the role of topoisomerase II alpha in relation to HER-2 and as 
predictivee factor for response to HD-CT. A summary of this thesis is given in chapter  9 
(summary)) and 10 (summary in dutch). 
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Summary y 

Thee availability of hematopoietic growth factors has allowed a range of feasibility and 
uncontrolledd studies with high-dose chemotherapy (with or without stem cell support) to take 
place.. Preliminary data from some randomized studies are now available as well. Dose-
intensivee chemotherapy appears to be effective in downstaging the tumor. Only a minority of 
patientss achieve a pathologic complete remission and additional therapeutic options to control 
minimall  residual disease are urgently needed. There are few indications that high-dose 
chemotherapyy is superior to conventional dose therapy in terms of relapse-free or overall 
survival.. Although the results of most studies are premature or unknown at this time, a modest 
butt clinically significant survival advantage may still emerge. 

Introductio n n 

Definition Definition 
Noo uniform definition exists for the term 'locally advanced breast cancer', but it usually refers 
too stage III disease [1] and thus covers about 10 to 30% of all patients with newly diagnosed 
breastt cancer. Stage IIIA disease includes tumors over 5 cm in size (T3), with or without 
regionall  lymph node metastases, or tumors associated with axillary lymph node metastases 
fixedd to each other or to other structures (N2). Stage IIIB disease refers to tumors of any size 
thatt extend to the chest wall or invade the skin (T4) or to the presence of ipsilateral internal 
mammaryy lymph node metastases (N3). Inflammatory breast cancer is included in stage IIIB , 
butt carries a worse prognosis. Although metastases to the ipsilateral supraclavicular lymph 
nodess are classified as Ml disease, many investigators consider these tumors without other 
distantt metastases as locally advanced disease. 

EstablishedEstablished principles of management 
Thee majority of patients with stage III breast cancer have distant micrometastases and they 
wil ll  die of their disease when systemic treatment is withheld. Analysis of the natural course of 
locallyy advanced disease in patients who lived between 1805 and 1933, yielded a mean 
survivall  time of 2.7 years (range 3 months to 18 years) [2]. With modern multimodality 
approaches,, local tumor control can be achieved in 80 to 90% of patients, and 10-year survival 
ratess of 30 to 40% are common [1]. Interestingly, the incorporation of tamoxifen in the 
systemicc part of the treatment appears to be even more crucial for long-term survival than 
chemotherapyy [31. 

AimsAims of treatment 
Locallyy advanced breast cancer is no longer a uniformly fatal disease, but a clear need still 
existss for improvement of the long-term survival rate. Because most patients die of distant 
metastases,, better systemic treatment is urgently required. One important strategy to achieve 
thiss has been to increase the dose-density of chemotherapy with or without the incorporation 
off  novel agents. Quality-of-life issues, however, are becoming increasingly important as long-
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termm survival increases. Dose-dense chemotherapy may allow efficient downstaging of the 
tumorr when administered before local therapy, making breast-conserving approaches available 
too more women [4,5,6,7]. 
Onn the other hand, intensive chemotherapy may also result in more long-term toxicity, such as 
anthracycline-causedd cardiotoxicity [8,9], second malignancies, or a recently recognized form 
off  central neurotoxicity. Van Dam et al. [10*] found in a cross-sectional study, that patients 
whoo had undergone high-dose therapy performed significantly worse at neuropsychological 
testingg than patients who had received conventional dose adjuvant chemotherapy. Because the 
neuropsychologicall  abnormalities persisted for at least 2 years after the conclusion of 
chemotherapy,, it is possible that these changes are irreversible [lO] . Little information is 
availablee about second tumors other than breast cancers in this patient group, but this may 
changee as long-term survival improves. 

PossiblePossible advantages of primary chemotherapy 
Inn addition to downstaging of the tumor, primary systemic combination therapy has several 
otherr potential advantages. In theory, one of these could be that early treatment of 
micrometastasess is beneficial and that local effects may be more pronounced when the blood 
supplyy has not been compromised as a result of therapy. Importantly, systemic chemotherapy 
priorr to local treatment allows the assessment of pathological response to chemotherapy. A 
numberr of studies have investigated the predictive value of several biological tumor properties 
withh respect to pathological response, prognosis and disease free survival. Willsher et al. [11] 
foundd an increased likelihood of response to preoperative chemotherapy when the tumor was 
Her-2/neuu oncogene negative. This finding was consistent with findings from previous studies 
[12].. Other studies have focused on BCL-2 expression [13] and other biological markers, such 
ass protein p53, P-glycoprotein, micro vessel density and Ki-67 antigen expression in locally 
advancedd breast cancer. Some of these markers may eventually be helpful in determining the 
optimall  treatment strategy in individual patients. 

Dose-intensee treatment without progenitor  cell reinfusion 

Noww that recombinant human hematopoietic growth factors have become available, a large 
numberr of feasibility studies and other uncontrolled trials have been reported that attempt to 
increasee the dose-intensity, defined as the amount of chemotherapy administered per unit of 
timee (Table 1). 
Withh conventional dose chemotherapy given before local therapy, clinical response-rates of 70 
too 90% can be achieved, and pathological response rates of 10% are routinely found when 
surgeryy follows chemotherapy. With prolonged chemotherapy, a 28% pathological response 
ratee has been described [14] and with dose-intense therapy pathological complete response 
ratess of even 17 to 36% have been reported [15]. 
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Study y regimen n 

RandomizedRandomized studies 
Levine e 
ett al [26»] 

Therasse e 
ett al [25] 

Mauriac c 
etall  [5] 

Koning g 
andd Hart [16] 

Cunningham m 
etall  [17] 

postsurgery y 

armm a:CMF 
armm b: CEF 

armm a: FEC x 6 
armm b: EC x6 
++ tamoxifen 
armm a:imtial surgery-> 
3xx VM/3xMiT h Vi 
armm b:3x EVM/ 3xMiThVi 
-^surgery y 

armm a: RT 
armm b :RT->CMF( 12x) 
++ tamoxifen 
armm c: 2xAV/2xCMF -» 
RT->4xAV/4xCMF F 
->> tamoxifen 

armm a:CVFMP 
->surgery->Adriamycinn x4 
armm b; surgery ->CVFMP 
->Adriamycinn x4 

Non-randomizedNon-randomized studies 
Kuerer r 
etall  [21] 

Karlsson n 
etall  [18] 

Morell l 
etall  [19] 

Honkoop p 
ett al [45-] 

Machiavelli i 
ett al [20] 

regimenn a:FAC'(288) 

regimenn b:FAC(84) 
Surgery++ RT 
Priorr to surgery: 
FEC(( 4-6x)-> 
Surgeryy jfcRT-> 
FECC (3-5x)+ tamoxifen 
MVA CC (^5xj 

Surgery y 
MVAC( xx 6) 

ACC ( x 4-6) + 

GM-CSF F 

F A C^^ surgery -> FAC-»RT 
Iff  inoperable after first FAC: 
FACC -»RT/CMF -*i f 
possiblee surgery-̂  FAC 

Numberr  of 
patients/ / 

stage e 

710 0 
armm a:359 
armm b: 351 

stagee II and III 
448 8 

272 2 
armm a: 138 
armm b: 134 
stagee II-II I 

118 8 
armm a:45 
armm b:34 
armm c:39 

LABC C 
94 4 

armm a:60 
armm b:34 

stagee IIB-III B 

372 2 
stagee Ha-IV2 

128 8 
stagee II-IV 

55 5 
Ilia:: 37 
Illb :: 18 

42 2 
stagee IIIa:21 
stagee IIIb21 

140 0 
stagee IIIa:67 
stagee IIIb:73 

Clinical l 
response e 
rate(% ) ) 

cCR:5 5 
cPR:55 5 

cCR:29 9 
cPR:: 60 

cCR:50 0 
cPR:48 8 

cCR:8 8 
pCR:63 3 

Pathologic c 
response e 
rate(% ) ) 

armm a :75 5 
(pCRR 10) 
(pPR:: 65) 

pCR R 
pIR: : 

pCR R 
pPR: : 

pCR R 

pCR R 
pPR: : 

12 2 
83 3 

16 6 
11 1 

14 4 

:6 6 
12 2 

Follow-up p 
(mediann or 

mean) ) 
(months) ) 

59 9 

27 7 

124 4 

>144 years 

38 8 

58 8 

37 7 

47 7 

32 2 

49 9 

5-year r 
DFS S 
(%) ) 

CMF:53 3 
CEF:63 3 
(p=0.09) ) 

armm a: 11 
armm b: 21 
armm c:23 

pCR:89 9 
<pPR:64 4 

36 6 

51 1 

att 2 years 
66 6 

PCR+pPR68 8 
others:32 2 

5-year r 
OS S 

(%) ) 

CMF:77 7 
CEF:70 0 
(p=0.03) ) 

armm a:+ 60 
armm b:+ 60 

armm a:38 
armm b:35 
armm c:41 

armm a:37 
armm b:47 

pCR:87 7 
<pPR:58 8 

49 9 

63 3 

att 2 years 
78 8 

pPR=pathologicall  partial remission, pCR=pathological complete remission,pIR= pathological incomplete response, cCR= clinical complete 
response,, cPR= clinical partial remission 
LABC=locallyy advanced breast cancer 
A=adriamycine,, C=cyclophosphamide, E=epiadnamycine, F=5-fluorouracil. M=methotrexaat. Mi=mitomycine , Th=thiothepa.V=vincristine. 
Vi=vindesinee RT= radiotherapy 

TableTable 1. Recent (1998 and later) studies of dose-intensive chemotherapy without progenitor 

cellcell reinfusion in locally advanced breast cancer 

Twoo different FAC dosages 
'' Stage IV included only ipslateral supraclavicular lymphnodes 
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Clinicall  response, but particularly pathological complete response, has been associated with 
improvedd long-term survival [7,21*]. This association, which has been confirmed by other 
investigatorss [22] may allow pathological complete response to become a useful intermediate 
endd point for clinical studies in locally advanced breast cancer. 
Althoughh the results of early studies of upfront chemotherapy in breast cancer appear to be 
encouraging,, brief follow-up and a lack of control groups make definitive conclusions difficult 
[15,23,24].. Results from only a few randomized studies have been published. 
Preliminaryy results are now available from an international phase III study supported by the 
Europeann Organization for Research in Cancer Therapy (EORTC), the US National Cancer 
Institutee (NCI) of the National Institute of Health, and the Swiss Group for Clinical Cancer 
Researchh (SAKK). Findings from this study of neo-adjuvant dose-intensive chemotherapy in 
locallyy advanced breast cancer were reported at the 1998 meeting of the American Society of 
Clinicall  Oncology (ASCO) in Los Angeles, CA [25]. The trial randomized subjects in two 
treatmentt arms 1) conventional dosage of 5-fluorouracil, epirubicin and cyclophosphamide or 
2)) intensive epirubicin, and cyclophosphamide with granulocyte colony-stimulating factor (G-
CSF)) support. Four hundred and forty-eight patients with locally advanced breast cancer were 
includedd in the study, which took place from 1993 to 1996. The local treatment consisted of 
radiationn therapy and/or surgery, and tamoxifen 20 mg/day was administered until 
progression.. The dose-intensive regimen was feasible and was well-tolerated, but its years of 
progression-freee survival rate was not significantly better than that in the conventional arm. 
Theree was, however, a trend in favor of the dose-intensive arm. Further results of this trial are 
awaited. . 
Ann important study supporting the concept of dose intensity has been reported from the NCI 
clinicall  trials group [26"]. Seven hundred and ten patients with stage II or III breast cancer 
weree randomized to receive either classical CMF (cyclophosphamide, methotrexate, and 5-
fluorouracil)) adjuvant chemotherapy following surgery or an intensified regimen: of 
cyclophosphamidee 75 mg/m' , orally on days 1 to 14, and epirubicin, 60 mg/m' , plus 5-
fluorouracil,, 500 mg/m2 (CEF) both intravenously, on days 1 and 8 of a 28-day cycle. The 
CEFF regimen was shown to be superior, both in terms of disease-free survival (63% vs 53%, 
p=0.09)) and overall survival (77% vs 70%, p=0.03). The intensified CEF regimen was, 
however,, clearly more toxic and required prophylactic antibiotics in an effort to limit 
hospitalizationn for neutropenic fevers. Five episodes of subsequent acute leukemia were 
observedd in patients receiving this intensified chemotherapy regimen. This study not only 
involvedd a higher dose-intensity in the experimental arm, but also employed an anthracycline 
whilee the conventional arm did not. Evidence is accumulating that anthracyclines in adjuvant 
chemotherapyy regimens may be associated with improved long-term outcomes [27"]. 
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Study y Numberr  Patient selection High-dose Strategy 
off  patients regimen 

RandomizedRandomized studies 
Hortobagyii  et al [33) 

Rodenhuiss et al [32*] 

78 8 

81 1 

Non-randomizedNon-randomized studies 
Schwartzbergg et al [ 28 ] 96 

Basserr et al (36] 

Hohauss et al [35] 

Kuyuetall  |31] 

Cagnonii  et al [30] 

Vienss Petal (29] 

99 9 

91 1 

35 5 

30 0 

17 7 

>10+lymphnodess Cyclophosphamide 
>4+lymphnodess after Etoposide 

CTT Cisplatin 

Infraclavicular r 
lymphnodes s 

Stagee II/II I 

Stagee II/II I 

Stagee II/II I 
Stagee IV 

Stagee III/IBC 2 

IBC C 

IBC C 

CTC1 1 

CTCb b 

3xx Epirubicin 
Cyclophosphan n 

Paclitaxel l 
Ifosfamide e 
Epirubicin n 

CTCb b 

CPB' ' 

ide e 

Mitoxantrone, , 
Cyclophosphamide e 
Melphalan n 

Latee intensification 

Latee intensification 

Latee intensification 

Earlyy intensification 
adjuvant// upfront 

Earlyy intensification 

Latee intensification 

Latee intensification 

Latee intensification 

TableTable 2. Recent (I99S and later) studies of high-dose chemotherapy in stage Ill/high-risk 
stagestage II breast cancer 

Dose-intensee treatment with progenitor  cell reinfusion 

High-dosee chemotherapy with hematopoietic progenitor cell support has become a frequently 
employedd treatment modality in locally advanced breast cancer [24]. The development of 
peripherall  blood progenitor cell support has decreased the morbidity and mortality of the 
transplantt procedure and has allowed the administration of a single dose or even several 
coursess of very high-dose chemotherapy (Table 2). 

CTC:C=cyclophosphamide,, T=thiotepa, C=carboplatin 
""  IBC=inflammatory breast cancer 

 CPB:C=cyclophosphamide, P=cisplatin, B=BCNU 
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LateLate intensification 
'Latee intensification' is the term used for strategies in which a number of conventional dose 
coursess of chemotherapy are administered, followed by a final course of high-dose 
chemotherapy. . 

Cagnonii  et al. [30] treated 30 patients with inflammatory breast cancer with high-dose 
chemotherapyy between 1993 and 1997. Twenty-three patients received neo-adjuvant 
chemotherapyy before high dose chemotherapy (22 patients received a doxorubicin-containing 
regimen).. Eighteen patients also had adjuvant chemotherapy after surgery but before high dose 
chemotherapy.. Most patients had surgery before the high dose chemotherapy, but three 
patientss underwent surgery afterwards. High-dose chemotherapy followed this regimen: 
cyclophosphamidee 1875 mg/m2/d for 3 days, cisplatin 165 mg/m2 continuously for 72 hours 
immediatelyy followed by carmustine 600 mg/m2 (referred to as CPB). After this treatment, 
radiotherapyy was started, and tamoxifen was given if the estrogen receptor was positive. The 
meann follow-up after high-dose chemotherapy was 19 months. The major non-hematological 
toxicityy was drug-induced lung injury, which responded to corticosteroid therapy. At the time 
off  reporting, eight relapses had occurred, of which five were local. The overall and disease 
freee survivals could not yet be analyzed meaningfully, but 70 % of the patients were still alive 
andd free of disease. Although the follow-up on this study is limited, the results are encouraging 
andd appear to justify further randomized studies. 

Att the 1998 ASCO meeting, Kuyu et al. [31] reported updated results of a study performed 
betweenn 1992 and 1997, that involved 35 patients treated for locally advanced breast cancer 
(stagess IIIA/III B and inflammatory breast cancer). All patients received doxorubicin-based 
chemotherapy,, and mastectomy was performed when possible. All patients received the high-
dosee chemotherapy regimen CTCb: cyclophosphamide 6000 mg/m2, thiothepa 500 mg/m2 and 
carboplatinn 800 mg/m2, with all drugs given by continuous infusion over 96 hours from day -7 
too day -4. Thirty-four patients received radiotherapy to the chest wall and regional nodes. This 
multimodalityy treatment was given in different sequences. The median follow-up was 36 
months.. Thirteen patients relapsed, and eight died. Seven of the nine patients who underwent 
mastectomyy had residual disease, and three of these relapsed. The 3-year disease-free and 
overalll  survivals were 58% and 67%, respectively. 

Thee first results of two randomized studies of high-dose chemotherapy in high-risk breast 
cancerr were reported in 1998 (one only in abstract to date). Rodenhuis et al. [32«] performed a 
randomizedd trial in 97 women aged under 60 years with breast cancer and extensive axillary 
nodee involvement, as determined by a tumor-positive infraclavicular lymph node biopsy. The 
patientss received three courses of upfront chemotherapy, consisting of cyclophosphamide 500 
mg/m2,, epirubicin 120 mg/m2 and 5-fluorouracil 500 mg/m2 (FE120C), once every 3 weeks. 
Afterr surgery, the 81 patients with responsive or stable disease were randomized to either 
anotherr course of FEI20C or to high-dose chemotherapy (cyclophosphamide 6 g/m2, thiotepa 
4800 mg/m2, carboplatin 1600 mg/m2) with stem cell support. At 49 months of follow-up, the 
4-yearr overall and relapse free survival for the 97 patients were 75 and 54 % respectively, but 
theree was no difference between the two therapy arms (Figures 1 and 2). 

33 3 



ChapterChapter 2 

FigureFigure 1. Study design of a randomized study of high-dose chemotherapy in the adjuvant 
treatmenttreatment of locally advanced breast cancer 
FromFrom Rodenhuis et al. 132*1 with permission 
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FigureFigure 2 
Progression-freeProgression-free and overall survival 
FromFrom Rodenhuis et al. [32']  with permission. 
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Thee authors conclude that until the benefit of high-dose chemotherapy is confirmed by large 
phasee III trials, this treatment modality should only be used in randomized studies. 
Hortobagyii  et al. [33] performed a randomized trial in patients with breast cancer with either 
100 or more lymphnode metastases, or at least four tumor-positive lymphnodes after four 
coursess of neoadjuvant 5-fluorouracil, doxorubicin and cyclophosphamide. The patients were 
randomizedd to receive either two cycles of high-dose cyclophosphamide 5250 mg/m2, 
etoposidee 1200 mg/m2 and cisplatin 265 mg/m2 followed by autologous stem-cell 
transplantationn or to no further treatment. Treatment was completed with radiotherapy and 
tamoxifenn for a 5-year period (Figure 3). 

Noo differences were evident in 4-year disease free survival (55% vs 48%) or overall survival 
(68%% vs 60%). 
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FigureFigure 3. 
StudyStudy design of randomized trial of high-dose chemotherapy versus standard therapy by 

HortobagyiHortobagyi et al. [33] 
DFS-disease-freeDFS-disease-free survival (at 4 years) ER= estrogen-receptor positive FAC=5-fluorouracil, Adriamycin 

(doxorubicin),(doxorubicin), and cyclophosphamide; OS-overall survival; PBSCT-peripheral blood stem cell transplantation 
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MultipleMultiple  cycles high-dose chemotherapy up-front 
Immediatee high-dose chemotherapy (without prior conventional-dose chemotherapy) has been 
attemptedd in several studies. This strategy aims to prevent the induction of chemotherapy-
resistancee with relatively low dosages, which could reduce the ability of high-dose therapy to 
eradicatee all residual tumor cells. 

Giannii  et al. [34] explored the concept of high-dose sequential chemotherapy in stage III and 
high-riskk stage II breast cancer. In this study, three supposedly non-cross-resistant drugs 
(cyclophosphamidee 7 g/m2, methotrexate 8 g/m2 and melphalan 200 mg/m2) were given 
sequentiallyy at high-dose over a very short duration. The methotrexate was combined with 
vincristinn and cisplatin. This type of treatment was reasonably well tolerated and could be 
completedd in a median of 70 days. This approach is currently being evaluated in a randomized 
trial. . 

Hohauss et al. [35] studied sequential high-dose therapy consisting of two cycles of ifosfamide 
(122 g/m2), carboplatin (900 mg/m2) and epirubicin (180 mg/m2) with peripheral stem-cell 
support.. Fifty-one patients with stage II/II I and 10 or more positive lymph nodes and 40 
patientss with metastatic disease were treated with high-dose chemotherapy. Stem cells were 
collectedd after induction therapy. Sixty-eight patients received two cycles of ifosfamide/ 
epirubicin,, and 23 patients received one cycle paclitaxel/ifosfamide/epirubicin. In the adjuvant 
treatmentt they found a probability of disease free survival of 64% at 47 months. 
Basserr et al. [36] designed a regimen of multiple (three) cycles of high dose epirubicin (200 
mg/m2)) and cyclophosphamide (4 g/m2) with stem-cell and filgrastim support once every 21 or 
288 days. Progenitor cells were collected before the start of the chemotherapy, following 
mobilizationn with cytokines (filgrastim or stem-cell factor). Ninety-two of the 99 patients 
completedd all three cycles. The main toxicities were severe reversible neutropenia and 
mucositis.. Dose intensification by reducing the interval from 28 to 21 days did not cause more 
toxicity.. Three patients developed cardiac failure, but the mean ejection fraction was lowered 
byy only 4 %. At 60 months, the disease free and overall survival rates were 64 and 53 %, 
respectively. . 

PreliminaryPreliminary results of three randomized studies of high dose chemotherapy in 
highhigh risk breast cancer 
Threee additional randomized studies of high-dose chemotherapy in high-risk breast cancer 
weree reported at the 1999 ASCO meeting in Atlanta, GA. 
Peterss et al. [37] described a multi-center-randomized study of 783 patients with primary 
breastt cancer and 10 or more tumor-positive lymph nodes. All of the patients were initially 
treatedd with four cycles of cyclophosphamide, Adriamycin (doxorubicin: Pharmacia and 
Upjohn,, Bridgewater, NJ) and 5- fluorouracil (CAF). Patients were randomized to receive 
eitherr high-dose chemotherapy with cyclophosphamide 5625 mg/m2, cisplatin 165 mg/m2 and 
BCNUU 600 mg/m" (CPB) and progenitor cell support, or more conventionally-dosed 
chemotherapyy consisting of the same agents in a lower dosage. The treatment was completed 
withh radiotherapy and tamoxifen. At 37 months the disease-free and overall survival rates 
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weree 68% and 78% in the high-dose group, and 64% and 80 % in the intermediate dose group, 
respectively.. In the high-dose group, 7.4 % treatment-related deaths were observed, while no 
deathss occur in the conventional-dose group. 
Bezwodaa et al. [38] performed a randomized trial of 154 women with high risk breast cancer 
definedd as T i_3a. Ten or more involved lymph nodes or tumors greater than or equal to 5 cm 
andd seven to nine tumor positive lymph nodes and at least one additional poor prognostic 
factor.. The patients were randomized to either receive high-dose chemotherapy 
(cyclophosphamidee 4400 mg/m2, mitoxantrone 45 mg/m2, VP-16 1500 mg/m2) with stem-cell 
supportt or standard CAF courses (cyclophosphamide, adriamycin or epirubicin, and 5-
fluorouracil).. Two cycles of high-dose chemotherapy were given at a 6-weeks intervals. At 5-
yearss follow-up, 25 % of the 75 patients in the high-dose regimen group had relapsed, as did 
666 % of the 79 patients in the standard dose group. The mortality rates were 17 % in the high-
dosee group versus 35 % in the standard dose arm. Thus, results from this small study suggest a 
markedd advantage of tandem high-dose therapy over standard anthracyclin-based 
chemotherapyy in the adjuvant treatment of high-risk breast cancer. 
Finally,, the Scandinavian Breast Cancer Study Group [39] reported the results of a 
randomizedd study of 525 women with high-risk breast cancer. Women in this study were 
randomizedd to receive either a relatively intensive regimen of 9 courses 'tailored' 5-
fluorouracil,, epirubicin, and cyclophosphamide (FEC), with the chemotherapy dose adjusted 
accordingg to the lowest leukocyte count, along with G-CSF support, or three cycles of FEC 
followedd by high-dose chemotherapy (CTCb) with stem-cell support. After a median follow-
upp of 20 months, 50 relapses and 40 deaths had occurred in the 'tailored FEC' arm and 78 
relapsess and 40 deaths in the high-dose group. Eight patients died in the 'tailored FEC'group 
fromm secondary acute leukemia or myelodysplastic syndrome, and two therapy-related deaths 
weree seen in the high-dose therapy group. Clearly, this study did not indicate a beneficial 
effectt for high-dose therapy over maximally intensive anthracyclin-based therapy with G-CSF 
support,, although it points to the marked leukemogenic potential of high cumulative doses of 
anthracyclines. . 
Thee information now available is insufficient to determine whether high-dose chemotherapy 
representss a step forward in the management of high-risk or locally advanced breast cancer. 
Thee results of most reported studies do not suggest an improvement, but the data are still 
immature,, and only a single has been reported in a peer-reviewed journal. 

High-dosee chemotherapy employing new agents 

Systemicc treatment for breast cancer is still far from satisfactory, and dose-intensification 
alonee does not appear to be the breakthrough technology it was once hoped to be. The 
combinationn of multiple treatment approaches remains essential, and the incorporation of new 
chemotherapeuticc agents into dose-intense regimens is an active avenue of research. The most 
importantt new agents for breast cancer include the taxanes, paclitaxel and docetaxel; the 
vincamine,, vinorelbine and several new agents that inhibit thymidylate synthetase. 
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Dose-intensivee regimens of paclitaxel, for example, are under development [40]. The 
integrationn of paclitaxel [41] or docetaxel [42] in dose-dense chemotherapy is now under 
intensee scrutiny. Hudis et al [43] treated 42 patients with resected breast cancer and four or 
moree lymph node metastases with nine cycles of chemotherapy: three cycles of doxorubicin, 
900 mg/m2, followed by three cycles of paclitaxel, 250 mg/m2, in 24 hours, and 
cyclophosphamide,, 3 g/m2 (all at 2 week intervals). All courses were given with G-CSF 
supportt on days 3 through 10. Postmenopausal women received tamoxifen 20 mg for 5 years. 
Noo treatment-related deaths occurred and no cardiologie toxicity was seen. After a median 
follow-upp of 48 months, 19 of the patients had relapsed and 10 % had died. The disease-free 
survivall  rate was 78%. 

Conclusions s 

Dosee intense chemotherapy, particularly when applied prior to surgical treatment, appears to 
bee effective in the down-staging of patients in order to make breast conserving surgery 
possiblee even for larger tumors. There are few indications at this time, that high-dose therapy 
withh peripheral blood progenitor cell transplantation offers substantial benefit over 
conventional-dosee therapy, but the statistical power of the available studies is rather limited 
andd worthwhile survival advantage may still emerge with longer follow-up. Further data from 
thee large American and European randomized studies of high-dose therapy in high-risk breast 
cancerr must be awaited. 

Thee experience of the past few years has shown that many patients can be rendered 
macroscopicallyy disease-free by chemotherapy, even before local treatment is given. At 
microscopicc examination, however, the large majority of specimens show residual 
microscopicc disease and the still considerable distant failure rate attests to the inability of 
currentt chemotherapy to eradicate distant micrometastases as well. Thus, chemotherapy as it is 
noww practiced is effective for cytoreduction, but additional treatment for microscopic residual 
diseasee is urgently required to obtain cure. In some patients, prolonged use of tamoxifen may 
fulfil ll  this role. Some authors believe that non-specific treatments such as the use of GM-CSF 
mayy aid in developing an effective cellular immune-response against residual tumor cells 
[44,45-],, but the evidence is slim. It is hoped that the dramatic advances in understanding of 
thee molecular mechanics of the cellular immune response may aid in the development of 
immunologicall  treatments for minimal residual disease in the next few years. In addition, 
inhibitionn of angiogenesis or blocking of mechanisms for local tumor invasion (e.g. 
metalloproteinase-inhibitors)) could aid in prevention of tumor progression and recurrence after 
dose-intensee chemotherapy is administered as cytoreduction. 
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Summary y 

Background Background 
Thee aim of this study was to present an update of overall (OS) and disease-free survival (DFS) 
andd to evaluate the correlation between outcome and pathologic findings at surgery in a 
randomizedd trial of high-dose chemotherapy following neoadjuvant chemotherapy and surgery 
inn high-risk breast cancer patients. 

PatientsPatients and methods: 
Ninety-sevenn women younger than 60 years of age with breast cancer and extensive axillary 
lymphh node involvement received three courses of FE[2oC (5-fluorouracil 500 mg/m , 
epirubicinn 120 mg/m2, cyclophoshamide 500 mg/m2) followed by surgery. Eighty-one patients 
weree randomized to receive either a fourth FE120C course alone or a fourth FE]2oC course 
followedd by high-dose chemotherapy (cyclophosphamide 6 g/m , thiotepa 480 mg/m2, 
carboplatinn 1600 mg/m"). We performed an univariate analysis on possible prognostic factors 
andd analyzed the sites of relapse. 

Results Results 
Afterr a median follow-up of 6.9 years, 47 (48%) patients were alive, of whom 36 (38%) 
withoutt disease. Sixty patients relapsed after treatment. One patient died of myelodysplastic 
syndrome,, without a relapse. In intention-to-treat analysis, the 5-year DFS rates were 47.5% in 
thee conventional treatment arm, and 49% in the high-dose arm and the 5-year OS were 62.5% 
andd 61%, respectively. In the univariate analysis, the clinical T-stage before chemotherapy and 
thee number of tumor-positive axillary lymph nodes after induction-chemotherapy (p=0.027) 
weree significant prognostic factors for OS. The same factors (both p=0.06) plus the estrogen-
receptorr (p= 0.08) were borderline significant factors for DFS. 

Conclusion Conclusion 
Afterr a median follow-up of 6.9 years there was no difference in OS or DFS rates between the 
twoo treatment groups. The number of tumor-positive axillary lymph nodes after induction 
chemotherapyy and the clinical T-stage before chemotherapy were significant factors for OS. 
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Introductio n n 

Thee value of high-dose chemotherapy as adjuvant treatment in high-risk primary breast cancer 
iss still controversial. Uncontrolled data from several phase I and II studies indicated a survival 
improvementt for high-dose chemotherapy with stem-cell support in the adjuvant treatment of 
breastt cancer. As a result, high-dose therapy was initially considered to be a promising new 
strategyy in breast cancer therapy. At the time of this writing, the results of six randomized 
adjuvantt trials [1,2,3,4,5,6] have been published, including a total of over 2000 patients. One 
off  these studies has proven to be unreliable [6]. 
Off  the remaining five randomized studies, only the Dutch National study (preliminary analysis 
off  the first 284 patients) [1] showed a modest survival benefit from the high-dose 
chemotherapy.. The American Intergroup study [2] was updated at the American Society of 
Clinicall  Oncology meeting (AS CO) meeting in 2001 and did not show a survival advantage 
forr the high-dose therapy compared with intermediate-dose therapy. They found fewer 
relapsess in the high-dose therapy group, but this was compensated by a high early toxic 
mortalityy rate. The other three randomized studies have been published in peer-reviewed 
journalss and showed no advantage for high-dose treatment [3,4,5]. One of these randomized 
trialss was performed in our institute and the results with a median follow-up of 4 years were 
publishedd in 1998 [5]. In this report, we present the updated results of this trial with a median 
follow-upp of over 6.9 years and a lead follow-up of almost 10 years. The more mature data 
alloww not only an update of survival, but also an evaluation of risk of second malignancies and 
possiblee long-term side effects of high-dose chemotherapy. 
Inn this study, surgery was performed following three courses of chemotherapy, which gave the 
opportunityy to analyze prognostic significance of the response to neoadjuvant chemotherapy. 
Ass well as response, we also analyzed other possible prognostic factors (estrogen (ER), 
progesteronee receptor (PR) [7], tumor size, the axillary nodal status [8], HER-2/neu protein 
expressionn [9], proliferation markers) in order to identify patients that will benefit most from 
high-dosee chemotherapy. 

Patientss and methods 

Patients Patients 

Thee patient selection for this study has been described previously [5]. Briefly, 97 women 
youngerr than 60 years of age with breast cancer (operable according to classic Haagensen 
criteriaa [10] and with extensive axillary node metastases, confirmed by a tumor-positive 
infraclavicularr lymph node biopsy [11,12]) were included in the study. Women who 
underwentt a tumorectomy for histological diagnosis were eligible if no axillary dissection had 
beenn carried out. Physical examination, chest radiography, liver ultrasound examination, and a 
radionuclidee bone scan had to be negative for distant metastases. A performance status of 0 or 
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11 [according to WHO criteria] and normal bone marrow, renal and hepatic functions were 
requiredd for eligibility. 
Writtenn informed consent was obtained from all patients before enrolment in the study, 
accordingg to institutional guidelines. Patients again gave their consent before up-front 
chemotherapy,, before surgery and before randomization. The protocol was approved by the 
Netherlandss Cancer Institute's protocol review committee and the committee for Medical 
Ethicss of the Netherlands Cancer Institute. 

StudyStudy design 

Figuree I. StuJv Josigii. 

Thee study was designed as a single-institution phase II study. Earlier results concerning 
efficacyy and feasibility have been published previously [5,13]. The treatment sequence started 
withh three up-front courses of FE120C (5-fluorouracil 500 mg/m2, epirubicin 120 mg/m2, 
cyclophosphamidee 500 mg/m ) [Figure 1]. After the third course all patients underwent 
surgery.. The type of surgery (mastectomy or breast conserving therapy and axillary lymph 
nodee dissection) had been decided before the start of chemotherapy. After surgery, patients 
withh a response to chemotherapy or stable disease were randomized to either conventional 
chemotherapyy (a fourth course of FE120C, followed by radiotherapy and tamoxifen) or high-
dosee chemotherapy (the same treatment, but with additional high-dose chemotherapy and 
peripheral-bloodd progenitor-cell (PBPC) support). In the high-dose arm, the fourth FE120C 
coursee was used for mobilization of stem cells. For this purpose granulocyte-colony-
stimulatingg factor (filgrastim 300 meg, daily subcutaneous dose) was started 24 hours after the 
chemotherapy.. PBPCs were harvested by leukocytaphereses, starting when the white blood 
cellss exceeded 3 xl09/l and continued until at least 3xl06 CD34-positive cells per kg of 
bodyy weight had been collected. High-dose chemotherapy started preferentially 21 days after 
thee fourth FE120C course. The high-dose regimen consisted of cyclophosphamide 6 g/m , 
thiotepaa 480 mg/m2, and carboplatin 1600 mg/m2, divided over 4 days [14]. The PBPC 
reinfusionn was performed two days after the end of the chemotherapy. The prophylactic use of 
anti-emeticss and antibiotics has been described elsewhere [5]. Anti-emetics were used 
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prophylacticc and then as needed. All patients received prophylactic antibiotics, including oral 
ciprofloxacinn (500 mg bd.) and oral amphotericin B (500 mg qds.), starting four days before 
high-dosee treatment. Penicilline (1 x 10 U qds.) was administered two days before reinfusion 
andd amphotericin B (0.25 mg/kg daily) on the day of reinfusion. All antibiotics were 
discontinuedd when the neutrophil cell count exceeded 0.5x109/l. Patients who were positive 
forr antibodies to herpes simplex virus were given oral aciclovir 400 mg twice daily. Irradiated 
platelett transfusions were administered to maintain platelet count above 10 x \(fl\ and 
irradiatedd leukocyte-free red blood cells were given if hemoglobin was below 5.5 mmol/1. The 
chemotherapyy was followed by radiation therapy (to the chest wall, parasternal, axilla and 
supraclavicularr and infraclavicular fields) and by tamoxifen (40 milligrams/day for 2 years). 

AssessmentAssessment of response 
Clinicall  complete response (cCR) was defined as disappearance of all palpable tumors in the 
breastt and in the axilla, as assessed by a surgeon and a medical oncologist. A clinical partial 
remissionn (cPR) was defined as a decrease of at least 50 % of the sum of all perpendicular 
diameterss of palpable lesions in breast and axilla. Progressive disease (PD) was defined as an 
increasee of 25 % of all palpable tumor or the appearance of new tumor lesions. Stable disease 
(SD)) was a decrease of less than 50% or an increase less than 25%. All patients with a cCR, 
cPR,, or SD were offered randomization. To begin with, randomization was only offered to 
patientss with stable disease if they showed minimal clinical response, a subjective response or 
pathologicall  evidence of response. Because of lack of reproducibility of the evaluations, 
randomizationn was later offered to all patients with SD. 

PathologicPathologic examination 
Alll  breast specimens were handled according to institutional protocols. Tumor size was 
measuredd in fresh specimen, and the largest diameter was used to assess pathological tumor-
stagee (pT). pT was checked microscopically by complete cross sections of the gross tumor. At 
leastt 10 lymph nodes were harvested from the axillary specimens; all lymph nodes were 
completelyy embedded and evaluated by hematoxylin-eosin (HE) and immunohistochemic 
stainingg using CAM 5.2. Immunohistochemistry was performed in case of residual carcinoma 
too assess estrogen and progesterone receptors, HER-2/neu, p 53 overexpression, Ki67 and 
BCL-2.. Pathologic response was evaluated and scored as complete in case of absence of 
invasivee tumor in the breast and lymph nodes. Histologic classification was carried out 
accordingg to the WHO criteria. Grading was carried out according to criteria described by 
Elstonn and Ellis [15]. The results of the proliferation markers (Ki67 and BCL-2) and the 
pathologicc response will be published elsewhere. 

Immunohistochemistry Immunohistochemistry 
Formalin-fixedd paraffin-embedded tissue samples were stained with antibodies against HER-
2/neuu (3B5;1:10,000), p53 (D07; 1:8000; mouse IgG2b; DAKO, Copenhagen, Denmark), 
estrogenn receptor (1D5; l:150;mouse IgGl;DAKO), Ki67(MIB-l;l:1000;DAKO) and BCL-2 
(clonee 124; 1:100 mouse IgGl;DAKO). The methods of the immunohistochemical staining 
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wil ll  be published elsewhere. Briefly, 5 îm sections were deparaffinized in xylol and alcohol 
andd endogenous peroxidase was quenched in methanol-peroxide (3%;20'). Slides were pre-
treatedd (antigen retrieval) in citrate buffer, blocked with normal goat serum and then incubated 
withh the primary antibody, overnight at 4°C. Binding of the monoclonal antibody was detected 
withh biotin labeled goat anti-mouse IgG (1:200;30' DAKO) and horseradish peroxidase 
avidin-biotinn complex (1:100;30' DAKO). Bound peroxidase was developed with 3,3'-
diaminobenzidinee tetrachloride (Sigma, USA) and 0.02% H202 in PBS. All reagents were 
dilutedd in a 1% bovine albumin solution in PBS. Anti-mouse IgG solution was admixed with 
10%% normal human serum to prevent non-specific binding. Replacement of the primary 
antibodyy with 1% bovine albumin solution in PBS served as negative control. 
Immunohistochemicall  results were mostly scored semi-quantitatively on a six-point scale for 
percentagee of positively staining tumor cells (0; 1= <10%; 2=10-25%; 3=25-50%; 4=50-75%; 
5=75-100%).. HER-2/neu was scored according to the system that has recently come to use for 
clinicall  testing (0; 1+ = > 10% cells weakly positive; 2+ = moderate homogenous staining; 3+ 
== strong homogenous staining). 

StatisticalStatistical analysis 
Thiss report is an update of our study published in 1998 [5]. Treatment assignment was done by 
thee minimization technique with stratification for clinically complete response (yes or no) and 
postmenopausall  status (yes or no). The primary endpoints were overall (OS) and relapse-free 
survival. . 
Thee treatment comparisons were done by intention-to-treat analysis. Survival curves were 
constructedd by the Kaplan-Meier method and compared by the log-rank test. We used Cox's 
modell  to analyze the factors predictive of progression or death and adjust the comparison of 
treatmentt for the patients' baseline characteristics. 
Inn the univariate analysis, possible prognostic factors for relapse and overall disease free 
survivall  from the start of treatment were examined. For each variable, Kaplan- Meier curves 
andd the graph of the log (-log survival function) versus log (time) were plotted and checked for 
proportionalityy of hazards. For these plots, each variable was screened univariately by means 
off  Cox's proportional hazards model. Discrete variables with more than two categories were 
analyzedd by means of the categories or indicator variables. A forward stepwise procedure was 
plannedd with those variables found to be significant in the screening. No variable passed this 
step. . 

Results s 

Betweenn April 1991 and December 1995, 97 patients were enrolled in the study (Figure 1). 
Eightt patients were not evaluable for clinical response because the primary tumor had been 
completelyy removed for diagnostic reasons. These patients remain in the analysis except for 
thee analysis of tumor-response. In six other patients the primary breast tumor had been 
excised,, but they had palpable axillary lymph nodes to evaluate response. One patient went 
off-studyy after the first FE120C course, due to patient's refusal. Eighty patients underwent a 
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modifiedd radical mastectomy and 16 patients had breast-conserving surgery. After surgery, 81 
patientss were randomized. Fifteen patients were not randomized, 11 because of patient's 
refusall  to undergo high-dose therapy if randomized to that arm, and four other patients 
becausee of unresponsiveness to FE^oC. Thirty-five of the 41 patients scheduled for high-dose 
chemotherapyy actually received the treatment. Five patients refused high-dose chemotherapy 
afterr initial consent. Another patient did not receive high-dose chemotherapy, because 
mobilizationn of PBPCs did not succeed in this patient. All these patients were treated with a 
fourthh FE120C only. Feasibility, toxicity and data of PBPC mobilization have been described in 
earlierr reports [5,16]. 

OverallOverall and progression-free survival 
Att the time of this analysis, 47 (48%) of the 97 patients were alive of whom 11 (11%) had 
diseasee and 36 (37%) were without disease (Table 1). The 5-years disease-free (DFS) and 
overalll  (OS) were 45 and 59 %, respectively. 

FE120CC High-dose Non- Total number  of 
Chemotherapyy randomized patients 

(n=40)) (n=41) (n=16) (n=97) 
Diedd of relapse 19 20 10 49 
Diedd without relapse 0 1' 0 1 
Aliv ee with relapse 8 2 1 11 
Aliv ee without relapse 13 18 5 36 

TableTable 1. Survival status 

Theree was no significant difference in survival rates between the two treatment groups after a 
mediann follow-up of 6.7 years from randomization (with a lead follow-up of 9.6 years). The 5-
yearr DFS rates were 47.5 and 49 % in the conventional and high-dose arm, respectively. The 
5-yearr OS rates were 62.5 and 61 % in the conventional arm and high-dose arm, respectively 
(Figuree 2 and 3). 
Thee two groups were comparable with respect to clinical and pathologic factors before and 
afterr up-front chemotherapy (Table 2 and 3). 

Onee patient died of myelodysplastic syndrome, without relapse of breast cancer 
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FigureFigure 2. Disease-free survival (DFS) by treatment (n=8I). Median follow-up 6.7 years after 
randomization randomization 
conv=conventionalconv=conventional treatment, HD= high-dose treatment 
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FigureFigure 3. Overall survival (OS) by treatment (n=81). Median follow-up 6.7 years after 
treatment.c treatment.c 
conv=conventionalconv=conventional treatment, HD= high-dose treatment 
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Stagee at surgery 
pTO O 
PT1 1 
PT2 2 
PT3 3 
PT4 4 
Nott evaluable 
PNO O 
PN1 1 
PN2 2 
PNx x 
Numberr  of tumor-positive axillar y lymph 
nodess after  chemotherapy 
0 0 
1-4 4 
5-10 0 
>10 0 
Nott evaluable 
Histologicc grade 
Low w 
Intermediate e 
High h 
Unknown n 
Estrogen-receptorr  status 
Negativee (< 10%) 
Positivee (>10%) 
Unknown n 
Progesterone-receptorr  status 
Negativee (< 10%) 
Positivee (> 10%) 
Unknown n 
P533 status 
Negativee (<10%) 
Positivee (> 10%) 
Unknown n 
HER-2/neuu status 
0 0 
+ + 
++ + 
+++ + 
unknown n 
Typee carcinoma1 

Invasivee ductal carcinome 
Invasivee lobulair carcinome 
Mixed d 
Unknown n 

High-dose e 
therapy y 
N=41 1 

3 3 
8 8 
18 8 
4 4 
1 1 
7 7 
2 2 
38 8 

1 1 

3 3 
17 7 
17 7 
4 4 
1 1 

11 1 
14 4 
8 8 
8 8 

11 1 
24 4 
6 6 

12 2 
8 8 
21 1 

22 2 
13 3 
6 6 

28 8 
1 1 
0 0 
6 6 
6 6 

17 7 
7 7 
8 8 
9 9 

Conventional l 
therapy y 
N=40 0 

5 5 
12 2 
14 4 
7 7 

2 2 
1 1 
38 8 
1 1 

1 1 
13 3 
14 4 
9 9 
2 2 

10 0 
12 2 
8 8 
10 0 

14 4 
22 2 
4 4 

9 9 
5 5 
26 6 

20 0 
18 8 
2 2 

26 6 
1 1 
2 2 
9 9 
2 2 

26 6 
2 2 
6 6 
6 6 

TableTable 3. Histologic and immunohistochemic tumor characteristics 

typee of carcinoma according to WHO classification 
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Sitee of relapse1 

Locall  relapse 

-- Sc Lymph nodes" 

-- Chest wall 

-- ipslateral mamma1 

-- Contralateral mamma 

-- Contralateral axilla 

Lung g 

Mediastinal l 

Abdominal l 

Liver r 

Brain n 

Bone e 

Other r 

Numberr  of patients with relapse 

Totall  sites of relapse 

High-dose e 
N=41(%) ) 

99 (22%) 

4(10%) ) 

22 (5%) 

11 (2.5%) 

22 (5%) 

22 (5%) 

00 (0%) 

22 (5%) 

33 (7%) 

22 (5%) 

88 (20%) 

6(15%) ) 

22 2 

27 7 

FE120C C 
N=40(%) ) 

7(17%) ) 

5(13%) ) 

22 (5%) 

11 (2,5%) 

11 (3%) 

11 (3%) 

11 (3%) 

77 (17%) 

22 (5%) 

155 (38%) 

88 (20%) 

27 7 

40 0 

TableTable 4. Sites of relapse. 

somee patients had more than one site of relapse 
22 Sc lymph nodes=supraclavicular lymph nodes 

thiss patient went off study because of decline in cardiac ejection fraction after FE12oC and she was treated with 
radiotherapyy in stead of surgery 
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SitesSites of relapse 
Inn theory, high-dose chemotherapy could fail to eradicate microscopic disease in 
pharmacologicall  sanctuaries, such as the central nervous system. We evaluated the sites of 
relapsee in the two treatment groups. Sixty (62%) of the 97 patients relapsed: 22 patients in the 
high-dosee group, 27 in the conventional dose group and 11 of the 16 non-randomized patients. 
Onee patient in the high-dose group died of myelodysplasic syndrome without a relapse. The 
sitess of the relapses are shown in Table 4. 
Locoregionall  relapse was seen in 16 patients as the primary site of relapse, nine patients in the 
high-dosee treatment and seven in the FE120C arm. Some patients had more than one site of 
relapse.. The number of patients with a relapse was not significantly different between the two 
treatmentt groups. Liver and bone metastases occurred more frequent in the FE120C group, but 
thee difference was not significant. 

PrognosticPrognostic factors 
Manyy (possible) prognostic factors have been described in patients receiving adjuvant therapy 
forr breast cancer [7,8,9,17,18,19,20,21]. As surgery was carried out after three courses of 
chemotherapy,, it was possible to evaluate both the clinical and the pathological response as 
predictivee factors. In our previous report only clinical T-stage approached significance [5]. In 
thee present analysis, we additionally evaluated the number of tumor-positive lymph nodes in 
thee axilla after up-front chemotherapy as a separate prognostic factor. In the univariate 
analysiss (Table 5), clinical T-stage before chemotherapy (p=0.016) and number of lymph 
nodess with residual tumor after chemotherapy (p=0.027) were significant prognostic factors 
forr overall OS. No factor reached significance for DFS, but clinical T-stage <p=0.06), number 
off  axillary lymph nodes (p=0.06) and a positive estrogen receptor status (p=0.08) were nearly 
significantt for DFS. Pathologic investigation of the number of tumor-positive lymph nodes has 
beenn performed after neoadjuvant chemotherapy, therefore the number of tumor-positive 
lymphh nodes is related to pathological response. None of the other possible prognostic factors 
(age,, surgery, hormone-receptors, HER-2/neu, p53 and pathological response) were 
significantlyy related to outcome. Because only two established prognostic factors were 
significant,, further multivariate analysis was not performed. 
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Variablee Overall survival Disease-free survival 
p-value11 p-value 

Age(n=81)) ns ns 

Clinicall  T stage 0.016 0.06 
att  diagnosis (n=73) 

Pathologicall  T stage 0.14 0.14 
afterr  chemotherapy (n=72) 

Positivee lymph nodes 0.027 0.06 
afterr  chemotherapy (n-81) 

E R : \ n = 7 l )) 0.15 0.08 

PR2 ' ( (n=34)) ns ns 

HER-2/neu_:3(n=73)) ns ns 

p533 (n=73) ns ns 

Histologicall  grade (n=63) ns ns 

Clinicall  response (n=81) ns ns 

Pathologicall  response (n=8t) ns ns 

TableTable 5. Univariate analysis. Summary of potentially prognostic factors. 

11 p-value according to Cox's proportional Hazard model 
""  All immunohistochemic results are determined in post-chemotherapy specimens 

ER=estrogenn receptor, PR=progesterone receptor 
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Numberr  of patients 

Mediann age 

Treatment t 
>> High-dose chemotherapy 
>> Conventional 
>> Unrandomized patients 

Numberr  of tumor-positive lymph nodes in the 
axilla a 
<4 4 
>A >A 
Unknown' ' 

Clinicall  T stage 
Tl l 
T2 2 
T3 3 
T4 4 
Nott evaluable 
NO O 
Nl l 
N2 2 
Nx x 

Estrogenn receptor" 
negative e 
positive e 
unknown n 

HER-2/neu u 
0 0 
+ + 
++ + 
+++ + 
unknown n 

DFS<55 years 

53 3 

45 5 
(rangee 25-60) 

211 (40%) 
211 (40%) 
111 (21%) 

16(30%) ) 
32(61%) ) 
55 (9%) 

11 (2%) 
155 (28%) 
255 (47%) 
99 (17%) 
33 (6%) 
11 (2%) 
43(81%) ) 
77 (13%) 
0 0 

18(34%) ) 
266 (49%) 
99 (17%) 

333 (62%) 
22 (4%) 
11 (3%) 
10(19%) ) 
77 (13%) 

DFS>55 years 

44 4 

48 8 
(rangee 31-59) 

200 (45%) 
19(43%) ) 
55 (11%) 

166 (36%) 
288 (64%) 

33 (7%) 
14(32%) ) 
211 (48%) 
0 0 
66 (14%) 
11 (2%) 
388 (86%) 
44 (9%) 
1 1 

111 (25%) 
288 (64%) 
55 (11%) 

299 (66%) 
0 0 
22 (5%) 
99 (20%) 
44 (9%) 

TableTable 6. Characteristics of patients with a disease-free survival (DFS) < or >^5 years 

'' Unknown means that no information about the axillary lymph nodes could be obtained, mostly because no 
surgeryy of the axilla has been performed. 
22 Positive estrogen receptor is defined as more than 10 % immunohistochemic staining 
33 Estrogen receptor was not significantly different: p=0.26 (2-sided Pearson chi-square test) 
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SubgroupSubgroup of patients with a disease-free survival longer than 5 years 
Thee group of patients with a disease-free survival longer than 5 years is of special interest, 
becausee it might be that this group has one or more specific characteristics that predispose to 
long-termm survival. We performed a separate analysis of the patient-group with a disease-free 
survivall  greater or equal to 5 years (Table 6). 
Forty-fourr (45 %) of the 97 patients had a DFS > 5 years. Unsurprisingly, the group of patients 
withh a disease-free survival < 5 years contained more non-randomized patients, because 
patientss who were unresponsive to FE|i()C did not proceed to randomization. There was no 
differencee in treatment between the patients with a DFS more or less than 5 years (high-dose 
andd conventional therapy + 50% in both patient groups). Comparison between characteristics 
off  the patients with a DFS > 5 years and the remainder of the group showed no clear 
differences.. There was also no difference in relapse sites between these two groups: most 
primaryy relapses occurred in bone. Estrogen receptor positivity was not significantly different 
(p=0.26)) between the two groups. Thus, patients who remained free of disease 5 or more years 
afterr the start of treatment had no distinguishing characteristics. 

Long-termLong-term side effects and second tumors 
Thee median follow-up of 6.9 years after registration with a lead follow-up of 9.8 years is still 
tooo short for a complete evaluation of risk of second tumors (particularly solid tumors) and 
long-termm side effects (Table 7). Radiation pneumonitis is a relatively early side effect. Five 
patientss (four in the high-dose group and one in the conventional therapy arm) developed a 
radiationn pneumonitis between 3 and 12 weeks after radiation therapy; all were reversible after 
treatmentt with prednisone. Cardiac problems were reported with expected frequency: one 
patientt had a myocardial infarction. Van Dam et al. [22] have evaluated cognitive toxicity in 
thesee patients, and found that cognitive function impairment was more frequent after high-
dosee treatment for breast cancer. 
Att the time of this analysis, three solid (second) neoplasms have been diagnosed: one basal 
celll  carcinoma and one tubular adenoma of the colon (both in the high-dose therapy arm) and 
onee tubulovillous adenoma of the sigmoid in the conventional therapy arm. Two other patients 
inn the high-dose treatment group developed a myelodysplasic syndrome (MDS). One of these 
patientss already had (retrospectively) myelodysplastic features in the bone marrow before 
transplantation.. The other patient presented with MDS 8 years after high-dose chemotherapy. 
Onee patient developed antibodies against platelets and neutrophil granulocytes. She responded 
favorablyy to prednisone. 
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Alll  randomized High-dose Conventional 
patientss chemotherapy Therapy 
(n=81)) (n=41) (n=40) 

Myelodysplasticc syndrome 2 2 0 

Tumorss 3 
>> basal cell carcinoma 1 
>> tubular/tubulovilleus adenoma of 1 1 

thee colon 

Autoantibodiess against platelets and 1 1 0 
leukocytes s 

Radiationn pneumonitis 5 4 1 

Myocardiall  infarction 1 0 1 

Hypothyreoidyy 2 1 1 

TableTable 7. Long term effects and second tumors/malignancies after a median follow-up 
durationduration of 6.9 years (leadfollow-up 9.8 years after registration) 

11 8 years after chemotherapy 
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Discussion n 

Thee primary aim of this study was to develop a practical approach that could be used in a 
multi-centerr study of high-dose chemotherapy in operable breast cancer with extensive lymph 
nodee involvement. All patients had a tumor-positive infraclavicular lymph node biopsy 
[11,12].. which is usually associated with extensive lymph node involvement and has a poor 
prognosiss [23,24]. We have previously published the results concerning efficacy and 
feasibilityy of this study [5,13]. 
Afterr a median follow-up of 6.9 years and a lead follow-up of almost 10 years in 97 patients 
withh breast cancer and extensive lymph adenopathy, there was no statistically significant 
relapse-freee survival advantage for high-dose chemotherapy over conventional therapy in this 
study.. Since the study was small and did not have the power to detect a difference < 30% in 
(relapse-free)) survival between the treatment groups, a smaller but clinically important 
advantagee for high-dose therapy may have been missed. In fact, 27 of 40 patients randomized 
too the conventional treatment died or relapsed, while there were only 23 (22 death or relapse of 
diseasee and one death from myelodysplasia) of 41 patients in the high-dose group who 
experiencedd such an 'event'. At the time of this writing, 32% of the conventionally treated 
patientss remain alive and free of disease versus 44% of the patients who received high-dose 
therapyy as a consolidation. This corresponds to a reduction in hazard rate of almost 20%. 
Althoughh statistically not significant, this is consistent with preliminary data of the large 
Dutchh National study, which were reported at the ASCO meeting in 2000 [1]. This study 
showedd a reduction of odds of relapse of 20% in 885 patients at a median follow-up of 35 
monthss after randomization. Thus, the present study can not be regarded as 'negative,' because 
itt is too small to reject an equivalence hypothesis. 
AA second possible reason for the absence of an effect of high-dose therapy could be the fact 
thatt chemotherapy was interrupted for an appreciable amount of time to allow surgery. 
Substantiall  regrowth of tumor cells might take place between the third and the fourth FE120C 
courses,, thereby losing some of the beneficial effect of the induction chemotherapy. It is of 
interestt that a similar interval between conventional dose induction chemotherapy and high-
dosee therapy was present in the 'Philadelphia study' [25], which showed no advantage for 
high-dosee therapy. Mathematical models of tumor growth [26,27] suggest that this could 
eliminatee most of the benefit of the induction therapy. 
Thee high-dose chemotherapy regimen used in this study and in the Dutch National study [1] is 
relatedd but not identical to the STAMP-V or CTCb regimen, which was employed in the 
Philadelphiaa study [25] and in the Scandinavian randomized adjuvant trial [3]. The main 
differencess are that the carboplatin dose in the Dutch regimen is twice as high (1600 mg/m2) 
andd that the three alkylating agents are administered as short-term infusions rather than as 96-
hourr continuous infusions. The latter difference could be important since we have recently 
shown,, that even low concentrations of thiotepa can inhibit the activation route of 
cyclophosphamidee [28]. If thiotepa is continuously present in the circulation, a sustained 
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reductionn of 4-hydroxycyclophosphamide formation may be present, accounting for less active 
metabolitess of cyclophosphamide, less toxicity and possibly a lower efficacy. 
Althoughh our study failed to show an advantage for high-dose therapy, the OS is appreciably 
betterr than that of a similar series of patients reported from our institute [29]. This could result 
fromm factors such as patient selection [30,31] and stage migration. Moreover, these patients 
weree treated with the CMF (cyclophosphamide, methotrexate and 5-fluoruracil) regimen 
insteadd of FE120C. It is likely, however, that some real improvements in adjuvant therapy such 
ass the prolonged administration of tamoxifen after chemotherapy and radiation therapy of the 
chestt wall, have contributed to the better OS. 
Ann important disadvantage of high-dose therapy or other forms of intensive chemotherapy in 
thee adjuvant treatment of breast cancer is long-term side effects, including the risk of therapy-
inducedd second malignancies. After a lead follow-up of 10 years we identified five neoplasms: 
twoo MDS and three solid tumors. Both cases of MDS developed in the high-dose therapy arm, 
butt one of these patients retrospectively had signs of a myelodysplastic syndrome in her bone 
marroww before high-dose therapy. This incidence is comparable to the results of Sobecks et al. 
[32],, who reported an incidence of 0.3%, and Laughlin et al. [33], who reported a 4-years 
probabilityy of developing MDS/Acute leukemia of 1.6 % after high-dose therapy. In the study 
off  Bergh et al. [3] no cases of MDS/Acute leukemia were seen in the high-dose therapy arm, 
butt in the 251 patients treated with "tailored" FEC (dose adjusted to tolerance), six cases of 
acutee myelogenous leukemia and three cases of MDS were diagnosed. This high incidence 
wass probably caused by the high cumulative dose of epirubicin in the conventional arm. 
Sincee MDS and leukemia usually develop within six years after treatment [33,34] we believe 
thatt the incidence will not appreciably rise with further follow-up in the present study. 
Onlyy three solid tumors have been diagnosed in our patient group: one basal cell carcinoma 
(high-dosee treatment) and two colorectal tubular/tubulovillous adenomas (one in the high-dose 
armm and one in the conventional treatment arm). These malignancies are also common in the 
normall  population. We found only one contralateral second breast tumors in the conventional 
dosee arm. This is remarkable, because the incidence of second contralateral breast tumors is 7-
88 per 1000 women years of follow-up [35,36,37]. In this group of 97 patients with 670 women 
yearss of follow-up, one would expect about 4-5 cases of contralateral breast cancers. So, it 
couldd be that the adjuvant hormonal and chemotherapeutic treatment has a protective effect for 
contralaterall  breast cancer. At this time it is difficult to estimate the number of second 
malignanciess after high-dose therapy in breast cancer, since there is insufficient follow-up in 
alll  of the available studies. 
AA potential complication of high-dose therapy in breast cancer is radiation pneumonitis. We 
observedd this complication in 5% of the patients: four patients in the high-dose group and one 
inn the conventional arm, all responding well to prednisone without developing clinically 
significantt long-term pulmonary toxicity. This is an important difference with the cisplatin-
BCNU-cyclophosphamidee regimen used in the American Intergroup study [2]. In this trial, 
pulmonaryy toxicity was an important cause of therapy related death. 
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Wee recently reported that neuropsychologic disorders may be present after high-dose 
chemotherapy,, although their clinical importance is as yet unclear [22]. At this point, it is 
unknownn whether or not abnormalities at neuropsychologic testing are also present after one 
off  the other high-dose regimens used in breast cancer. This would be interesting, while 
theoreticallyy it is possible that the higher dose carboplatin in our regimen has influence on 
neuropsychologicc functioning. 
Iff  high-dose chemotherapy will prove to benefit patients with breast cancer, it is quite likely 
thatt this benefit will be limited to a (possibly small) subgroup of patients. It would be 
importantt to identify or confirm prognostic factors that characterize this patient group. In the 
presentt study, pathologic specimens were taken both before and after induction chemotherapy, 
allowingg the study of a range of potential prognostic factors in relation to treatment outcome. 
Pathologicc characteristics of primary tumors have been reported to have predictive value 
[18,19,20,21]]  and similar results have been obtained in small series of patients receiving 
intensivee chemotherapy [7,8,9]. In the present study, only clinical T-stage and the number of 
tumor-positivee axillary lymph nodes were prognostic factors for OS. Clinical T-stage, the 
numberr of tumor-positive axillary lymph nodes and positivity for the estrogen-receptor were 
off  borderline prognostic value for disease-free survival. Unfortunately, it was not possible to 
identifyy a patient group that specifically benefited from high-dose therapy. Clearly, the 
numberr of patients in our study may have been too small to investigate this in a meaningful 
way,, and similar analyses will be crucial when the large American and European studies of 
high-dosee therapy and the adjuvant chemotherapy of breast cancer have reached sufficient 
follow-upp time. 
Althoughh this study did not show a benefit of high-dose therapy in patients with high-risk 
breastt cancer, the Dutch National study [1] has reported preliminary results that could be 
consistentt with a modest benefit for high-dose therapy. An update of the American Intergroup 
studyy [2] presented at ASCO 2001 showed fewer relapses in the high-dose therapy group 
comparedd with the intermediate dose group. This did not result in a survival advantage, 
probablyy because of the high early toxicity rate. The maturation of these and other ongoing 
largee studies should be awaited before the validity of the high-dose concept in breast cancer is 
abandonedd or adopted. 
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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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Introductio n 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. 

70 0 



MultipleMultiple courses ofHD-CTin stage IV breast cancer 

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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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 

Mastitis, , 
contralaterall  AL 

Liver,, pleura 

.Supraclavicular r 
lymphnodes s 

Locall  relapse, 
contralateral l 

axilla a 

Lung,, mediastinum 

Chestt wall relaps 

Lung,, bone 

Liver.breast t 
SL.AL L 

Locall  relapse, skin 

bone e 

Supraclavicular r 
lymphnodes s 

NoNo of 
tCTC tCTC 

courses courses 

3 3 

3 3 

3 3 

3 3 

3 3 

3 3 

3 3 

3 3 

i i 

3 3 

3 3 

3 3 

Radiotherapy Radiotherapy 
afterafter tCTC 

Chestt wall/ 
parasternal/ / 
McWirther r 

no o 

no o 

Rightt supra-
clavicular r 

no o 

Leftt upper lobe 
lung, , 

mediastinum m 

Chestt wall, 
lymphnodes s 

Humerus s 
thoracicc spine. 

ribs s 

Lymphnodes s 

Local l 
radiotherapyy and 

hyperthermia a 

no o 

Leftt supra-
clavicular r 

SurgerySurgery after 
tCTC tCTC 

no o 

Mamma a 
ablation. . 

AL D D 

Melastectomy y 
liver r 

no o 

no o 

no o 

no o 

Metastectomy y 
liver r 

no o 

no o 

Survival Survival 
status status 

NED D 

NED D 

DOD D 

DOD D 

NED D 

NED D 

NED D 

AWD D 

NED D 

NED D 

NED D 

NED D 

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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Prolongedd survival associated with early lymphocyte recovery 
afterr  autologous hematopoietic stem cell transplantation for 
patientss with metastatic breast cancer 

Correspondence e 

Recently,, Porrata et al. [1] reported in this journal a retrospective analysis of the absolute 
lymphocytee count (ALC) in patients with metastatic breast cancer treated with high-dose 
chemotherapyy followed by autologous stem cell transplantation (ASCT). They found that ALC 
countss of > 500 cells/u.1 on day 15 post ASCT predicted a significant better overall (OS) and 
diseasee free survival (DFS). A total of 29 patients with metastatic breast cancer were included 
inn two different studies, both using STAMP V as high-dose treatment regimen 
(cyclophosphamidee 1.5 g/ m"/day; carboplatin 200 mg/m2/day and thiotepa 125 mg/m"/day on 
44 consecutive days). The ALC threshold for immunologic engraftment was determined at 500 
cells/|ill  on day 15 of transplantation based on experience with hematologic malignancies. 
Afterr a median follow-up of 2.25 years for living patients (minimum follow-up 2 years or until 
death)) they reported a significantly better median OS and DFS in the 20 patients with ALC > 
5000 cells/(J.l than in the 9 patients with ALC < 500 cells/u,l on day 15 post-ASCT (not reached 
vss 14 months p< 0.0011; 24 vs 7 months p<0.0015, respectively). 
Recently,, we published a phase II study of multiple courses of chemotherapy with ASCT in 
patientss with stage IV breast cancer [2]. Our high-dose regimen consists of the same agents as 
STAMPP V, but was administered at different doses over multiple courses. As our patient 
groupp was quite similar to the patient group described by Porrata et al.[l] , we analyzed the 
lymphocytee count at day 15 after ASCT in our patient group. We also analyzed ALC before 
thee start of chemotherapy, because one could argue that the patients with a lower ALC at day 
155 post ASCT already had lower values at the start of therapy because of bone marrow 
infiltration.. These patients could have a worse prognosis owing to tumor invasion in the bone 
marrow. . 
AA total of 41 patients with advanced hormone refractory breast cancer were included in the 
study.. The treatment started with two FE120C courses (5-fluorouracil 500 mg/m", epirubicin 
1200 mg/m2 and cyclophosphamide 500 mg/m2) followed by ASCT harvesting. The high-dose 
treatmentt consisted of three subsequent courses of "tiny" CTC (cyclophosphamide 4000 
mg/m2,, thiotepa 320 mg/m" and carboplatin 1060 mg/m' (target AUC 13.3 mg/ml/min) 
dividedd over 4 consecutive days). The second and third course were planned for day 28 after 
thee previous transplantation. Thirty three of these 41 patients (seven patients were 
unresponsivee to FE120C and one patient had an estrogen-receptor positive tumor) received 
high-dosee chemotherapy of whom 23 patients received 3 courses, seven patients received two 
coursess and three patients only one course. In all, 29 patients (49%) achieved a complete 
response,, nine a partial response (22%) and three patients stable disease. There was one 
therapy-relatedd death. After a median follow-up of 43 months (range 25-61), the OS and PFS 
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forr the patient group treated with high-dose chemotherapy were 29 and 28%, respectively with 
aa median duration of 28 and 11 months, respectively. The ALC on day 15 after the last HD-CT 
coursee with ASCT was < 500 cells/u.1 in 18 patients, and of these patients 11 had died, three 
weree alive with disease and four showed no evidence of disease. In the patient group with an 
ALCC > 500 cells/|J.l, 10 patients had died and five had no evidence of disease. Survival curves 
weree constructed by the Kaplan- Meier method and compared by the log-rank test. We found 
noo significant difference in time to progression or death between the patient group with an 
ALCC < 500 and > 500 cells/pil at day 15 (Figure 1). There was also no significant association 
betweenn survival and ALC before start of induction therapy, the high-dose chemotherapy and 
att day 29 post-ASCT. 
Disappointingly,, our data do not show a survival benefit for patients with an ALC > 500 
cells/p:l.. Like the study of Porrata et al., our study was small and might lack the power to 
identifyy differences. 
Itt is important to study the recovery of cellular immunity after ASCT, as it is possible that 
anti-tumorr immunity plays a role in controlling minimal residual disease. Recently, we 
publishedd results of a study with the same chemotherapeutic regimen completed with 
reinfusionn of autologous lymphocytes [3]. In this study, three patients were monitored for 
immunee recovery without reinfusion of lymphocytes. In 11 patients, the stem cells were 
harvestedd after FE120C+G-CSF and lymphocytes were harvested after FE[2oC+ GM-CSF+ 
interleukin-2.. The patients received stem cells and G-CSF after the first HD-CT; stem cells, G-
CSF,, and lymphocytes after the second and stem cells; GM-CSF, and lymphocytes after the 
thirdd HD-CT. The study showed that lymphocyte reinfusion had a significant effect on the 
recoveryy of CD8+ T-cells, but recovery of CD4+ T-cells also required GM-CSF for a good 
andd rapid recovery. Whether the rapid recovery of these cells has influence on the time to 
progressionn should be further investigated. 
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1 0 n n 
Timee to progression/death day 15 

lymphh <=0.5 
lymphh >0.5 

Timee in Months 
Chisqll 1 ] = 0.24 p = 0.6249 

FigureFigure 1. Time to progression or death by lymphocyte count at day 15 post-transplantation 
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Abstract t 

Introduction Introduction 

High-dosee chemotherapy (HD-CT) has a role in the potentially curative treatment of several 
tumours.. The relative efficacies of the different regimens have not been studied in comparative 
trials,, but it is clear that toxicities differ importantly between them. 

PatientsPatients and methods 

Wee analysed the immediate and long-term toxicity in the first 100 consecutive patients treated 
withh the CTC regimen (cyclophosphamide 6000 mg/m", carboplatin 1600 mg/m" (or 20 
mg.mll  .min under the curve (AUC)) both as daily 1 h infusion, thiotepa 480 mg/m" as twice 
dailyy 30 min infusion, all divided over 4 consecutive days) followed by peripheral blood 
progenitorr cell reinfusion (PBPC-Tx). Most patients had high-risk (n=86) or metastatic (n=4) 
breastt cancer, or a germ cell tumour (n=8). Two patients (with a medulloblastoma and an 
aesthesioneuroblastoma,, respectively) received CTC as off-protocol salvage regimen. 

Results Results 

Thee main toxicity was bone marrow suppression. Most patients had PBPC-Tx with 
granulocytee colony stimulating factor (G-CSF), and the median time to neutrophil count 500 x 
106/11 and platelet count > 20 x 109/1 without transfusion independence was 10 (range 8-25) and 
133 (8-60) days, respectively. The toxic death rate was 1%. Other frequent toxicities were 
neutropenicc fever requiring antibiotics (n=65), central catheter-related infection (n=12), or a 
bleedingg episode (n=48), mostly epistaxis (n=26). Reversible cardiac toxicity was seen in six 
patientss and pulmonary events occurred in seven patients, (infection (n=6), embolism (n=l)). 
Gradee 3-4 gastrointestinal toxicity was frequent: nausea and vomiting 55%, diarrhea 28% and 
mildd liver toxicity (transaminase elevations) 9%. One patient pretreated with cisplatin had a 
kidneyy transplantation 8 years after HD-CT. Late complications included reversible radiation 
pneumonitiss (n=12) and chronic heart failure (n=2). We found five second solid malignancies 
andd two myelodysplasias. 

Conclusion Conclusion 

Thee CTC-regimen is associated with a moderate, mainly reversible, toxicity. Future studies 
needd to compare the efficacy and toxicity of the different HD-CT regimens. 

Key-words Key-words 

High-dosee chemotherapy; solid tumours; peripheral progenitor cell transplantation; toxicity 
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Introductio n n 

Manyy thousands of patients with solid tumours and lymphomas have received high-dose 
chemotherapyy (HD-CT) with autologous blood progenitor cell rescue in the past decades 
[Antmann et al., 1997; Rosti and Ferrante, 2001]. While this treatment modality has been 
acceptedd as the standard of care in the salvage setting for certain malignant lymphomas and 
germm cell tumours, its role in the management of frequently occurring tumours such as breast 
orr ovarian cancer is still unclear, as the results of randomised phase III studies are still 
pending.. For high-risk breast cancer, for example, preliminary data have now been reported 
fromm nine studies involving over 3000 patients [Rodenhuis, 2000]. The first statistically 
meaningfull  analyses of these studies and of yet unreported studies would hopefully be 
evaluatedd in the 2005 Oxford Overview. 
Whilee the relative efficacies of the different high-dose regimens have not been studied in 
comparativee trials, it is clear that toxicity differs, and that certain regimens are associated with 
considerablee morbidity and even with mortality. The STAMP-1 regimen, for example, which 
incorporatess cisplatin, cyclophosphamide and carmustine (BCNU), is associated with a 12% 
mortalityy rate, mainly resulting from (BCNU-related) lung toxicity [Antman et al., 1997; Rosti 
andd Ferrante, 2001]. The widely employed STAMP-V regimen, a combination of 
cyclophosphamide,, thiotepa and carboplatin, has been reported to be well tolerated [Antman et 
al.,1992].. ST AMP-V has been employed in several large randomised studies in breast cancer 
[Berghh et al., 2000; Stadtmauer et al., 2000], none of which showed a (progression-free) 
survivall  advantage for the patients receiving this treatment. 
AA regimen similar to STAMP-V, called CTC, has been reported from our institution 
[Rodenhuiss et al., 1992]. It contains the same agents as STAMP-V, but the carboplatin dose is 
twicee as high and the agents are administered as short-term infusions rather than as continuous 
infusions.. CTC has been used in several randomised and non-randomised studies in high-risk 
[Vann der Wall et al., 1995; Rodenhuis et al., 1996, 1998, 1999, 2000; Schrama et al., 2002] 
andd in stage IV breast cancer [Schrama et al., 2001, De Gast et al., 2002;] and, moreover, in 
thee salvage therapy of germ cell cancer [Rodenhuis et al., 1996, 1999] 
Sincee CTC is associated with only moderate toxicity and recent results by our group indicate 
thatt this toxicity can even be further reduced when 'Therapeutic Drug Monitoring' is 
employedd [Huitema et al., 2001], we believe that future studies will need to compare the 
efficacyy and toxicities of CTC to that of other high-dose regimens. To facilitate the design of 
thiss type of comparison we have analysed the immediate and long-term toxicities of CTC in 
thee first 100 consecutive patients who received this regimen in our institution. For this patient 
group,, a median follow-up of almost 5 years is available with a lead follow-up of over 11 
yearss (137 months). 
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Patientss and methods 

Patients Patients 

Wee analysed the first 100 consecutive patients treated with the high-dose CTC chemotherapy 
regimen,, who were treated between 1989 and 2000 in our institution. The CTC-regimen is a 
widelyy used regimen and besides patients with breast cancer we analysed even patients with 
germm cell tumours and other tumours to study whether the pretreatment was important for 
toxicity.. Of these patients, 86 had high-risk breast cancer and were included in one of two 
randomisedd adjuvant chemotherapy studies [Rodenhuis et al., 1998, 2000]. Four patients with 
metastaticc breast tumours were treated in a pilot study. Six of eight patients with germ cell 
tumourss were treated in another previously published study [Rodenhuis et al., 1999]. The two 
patientss with either aesthesioneuroblastoma or a medullablastoma received the regimen as part 
off  an off-protocol salvage regimen (Table 1). Written informed consent was obtained from all 
patientss at enrolment in the studies, and the Committee on Medical Ethics of The Netherlands 
Cancerr Institute approved all these studies. 

Characteristicss AH patients 

No.. of patients 100 

Mediann age (yrs) (range) 46 (21-57) 

Typee of tumour 
•• Germ cell 8 
•• Breast cancer 

stagee II-II I 
stagee IV 

•• Aesthesioneuroblastoma 
•• Medulloblastoma 

Priorr  chemotherapy' 
•• Cisplatin-based 
•• Anthracyclin-based 

Priorr  surgery 
•• Mastectomy 
•• Breast conserving surgery 
•• Orchidectomy 
•• Other 

Priorr  radiotherapy 
•• Breast/Parasternal 
•• Brain 
•• Other 

TableTable 1. Patient characteristics 

Chemotherapyy before enrolment in the treatment protocol 
Twoo patients had a sternotomy, two patients had a laparotomy and one patient had a craniotomy, all because 
off metastatic disease 

86 6 
4 4 
1 1 
1 1 

8 8 
1 1 

73 3 
15 5 
9 9 
52 2 

2 2 
1 1 
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TreatmentTreatment regimen 

InductionInduction therapy regimen and collection of progenitor cells 
Thee treatment regimens are summarised in Table 2. The procedures of bone marrow 
harvestingg and leucocytapheresis have been described previously [Van der Wall et al., 1995; 
Rodenhuiss et al., 1996, 1998, 1999,2000]. 

Noo of Treatment regimen 
patients s 

Germm cell tumour  8 Carboplatin/etoposide 

Breastt  cancer  90 

Stagee II-II I 
•• Adjuvant -. 
•• Neoadjuvant 3 1 3xFE120C

2surgery^lxFE120C^CTC^ RT and tamoxifen 

555 5xFEc„C2^-CTC^ RT and tamoxifen 

„„ jY 4 methotrexate and/or anthracyclin-containing regimen->CTC 

Aesthesioneuroblastomaa ' cisplatinAfosfamide/etoposide->CTC 

medul loblastomaa 1 2xEVAW2xBEP/1 xlfosfamide/etopos.de^CTC 

TableTable 2. Treatment regimens 

TheThe high-dose regimen 
Alll patients received the same high-dose regimen consisting of one cycle of 
cyclophosphamidee 6 g/m2 as a daily 1 h infusion, thiotepa 480 mg/trf as a twice daily 30 min 
infusion,, and carboplatin 1600 mg/nT (in case of abnormal kidney function the carboplatin 
dosagee was based on an area under the curve (AUC) of 20 mg.ml .min) as a daily lh infusion, 
alll divided over 4 consecutive days. Mesna (500 mg) was administered six times daily for a 
totall of 36 doses, starting one hour prior to the first cyclophosphamide infusion. The PBPC 
reinfusionn (PBPC-Tx)was performed two days after the end of the chemotherapy. The 
prophylacticc use of anti-emetics and antibiotics of the separate studies have been described 
elsewheree [Rodenhuis et al, 1992, 1996, 1998, 1999, 2000; Van der Wall et al., 1995]. 
Briefly,, all patients received anti-emetics prophylactically, consisting of dexamethason and 
serotoninn antagonist and/or metoclopramide. Antibiotic prophylaxis consisted of oral 
ciprofloxacinn 1000 mg (divided over two daily gifts) and oral amphotericin B (2000 mg 
dividedd over 4 daily gifts). Cultures of throat, nose, stool or perineum and central venous 
catheterr (CVC) were performed twice a week. In the first CTC courses, cultures of the CVC 
weree performed every day. As prophylaxis for infection with gram-positive bacteria, patients 

11 Two courses carboplatin 800 mg/m day I and etoposide 500 mg/m day 1-3 
22 FE.,oC-5-fluoro-uracil 500 mg/m2 epirubicin 90 or 120 mg/m: and cyclophosphamide 500 mg/m2 all on day 
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eitherr received penicilline G 1 x 106 IU q.i.d or roxitromycin 150 mg b.i.d orally. The large 
majorityy of patients received acyclovir either orally or intravenously to prevent herpes 
reactivation.. In case of fever, antibiotic treatment was started empirically, either with 
vancomycinn 500 mg q.i.d and ceftazidime 2 gram three times daily or with teicoplanin 400 mg 
andd ceftriaxone 2 gr once daily. All but 15 patients received daily granulocyt colony 
stimulatingg factor (G-CSF) injections from the day of transplantation until the WBC count 
exceededd 5 x 10/1. Irradiated leukocyte-free red blood cells and platelets were given to 
maintainn hemoglobin and platelet count above 5.5 mmol/1 and 10 x 109/1, respectively. 

Toxicity Toxicity 
Thee toxicity data were extracted from patient records and from databases associated with 
variouss studies in which the patients had participated. The toxicity was scored before start of 
thee induction regimen, during the CTC chemotherapy, after each course and at the follow-up 
date.. Toxicity was graded according to the National Cancer Institute Common Toxicity 
Criteriaa (NCI-CTC) [NCI, 1998]. Long-term toxicity was also scored with the NCI-CTC 
criteria,, but because most toxicities were infrequent, they were registered in a dichotomous or 
descriptivee way. Long term toxicity was defined as toxicity still lasting or appearing more than 
onee year after high-dose treatment. 

Results s 

Wee have analysed the toxicity of CTC in 100 consecutive patients treated between 1989 and 
20000 who received a PBPC-Tx in our institution. At the time of the evaluation, 63 of these 100 
patientss were still alive. The median follow-up time of all patients was almost 5 years, with a 
leadd follow-up of 137 months. 

BoneBone marrow recovery 
Predictably,, the main toxicity of HD-CT was bone marrow suppression. All patients had 
periodss of absolute neutropenia and required platelet and red cell transfusions. As the duration 
off  the neutropenic period and thrombocytopenia is significantly reduced after peripheral stem 
celll  reinfusion with G-CSF compared to the autologous bone marrow transplantation (ABMT) 
alone,, the data of the bone marrow recovery were analysed separately for these patient groups 
(Tablee 3). 
Mostt patients had PBPC-Tx with G-CSF and the median time to a neutrophil granulocyte 
countt of > 500 x 10 /l was 10 days (range 8-25). The median time to platelet transfusion 
independencee (defined as platelets > 20x 109/1 without platelet transfusion) was 13 days (range 
8-60).. The patients required a median of 3 (range 1-9) platelet transfusions and 6 units of red 
cellss (range 2-35). Two patients had an excessive need of red blood cell transfusions: one 
patientt developed a large haematoma in the abdominal wall and ultimately died of multi-organ 
failuree (see below). The second patient required 31 units of red cells because of haemolysis 
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Noo of patients 
Typee of tumour 
Breastt cancer 
•• adjuvant 
•• advanced disease 
Germm cell 
Other r 

Day33 neutrophil granulocyte count >5004 

Dayy neutrophil granulocyte count >10004 

Dayy platelets > 
 50 
 100 

Timee to platelet transfusion 
independence5 5 

Dayy of discharge6 

Noo of CD34 cells/1 (luVkg) 

PBPC-Tx1 1 

+G-CSF F 
(range) ) 

81 1 

76 6 

2 2 
1 1 
2 2 

99 (8-20) 
100 (8-20) 

18(9-60) ) 
28(12-120) ) 
13(8-60) ) 

13(10-35) ) 

9.11 (0.7-35) 

PBPC-Tx x 

(range) ) 

io--

10 0 

18.5(11-28) ) 
200 (17-34) 

233 (14-39) 
25.5(18-41) ) 
166 (10-28) 

16.5(13-19) ) 

10.3(1.1-12.3) ) 

ABM T T 

(range) ) 

5 5 

1 1 
4 4 

27(21-29) ) 
311 (16-36) 

277 (2-38) 
40(31-56) ) 
211 (13-27) 

20(17-33) ) 

ABM T T 
+G-CSF F 
(range) ) 

4 4 

1 1 
3 3 

188 (14-36) 
19.5(16-39) ) 

522 (37-55) 
53(44-62) ) 
28(27-38) ) 

32(20-54) ) 

NoofCFU-GMM  (104/kg) 4655 (264-950) 207( 117-404) 

Dayy fever> 
•• 38 degrees Celsius 
•• 39 degrees Celsius 

Noo of transfusions 
•• Platelets (occasions) 
•• Red blood cells (units) 

Infections s 
•• documented infections 
•• catheter-related infections 
•• suspected infections 

Bleedingg episode (all) 
»» epistaxis 
•• vaginal bleeding 
•• hematemesis 
•• hematuria 
»» gingiva bleeding 
•• hematomas 
•• other 
Toxicc death 

TableTable 3. Bone marrow recovery 

5 5 (0-18) ) 
2.5(0-10) ) 

3 3 
6 6 

4 4 
9 9 
58 8 

20 0 

1 1 

(1-9) ) 
(0-355 )7 

7 7 
3 3 
2 2 
2 2 
2 2 
2 2 
2 2 

3 3 
2 2 

2.5 5 
6 6 

1 1 
0 0 
4 4 

2 2 

(0-6) ) 
(0-4) ) 

(2-8) ) 
(4-10) ) 

2 2 

8 8 (1-16) ) 
3.5(0-11) ) 

7 7 
12 2 

1 1 
1 1 
3 3 

0 0 

(2-9) ) 
(5-22) ) 

4.5(0-12) ) 
2.5(0-11) ) 

55 (2-9) 
16(13-22) ) 

0 0 
2 2 
0 0 

4 4 
3 3 

1 1 

PBPC-Txx = peripheral blood progenitor cell transplantation. 
Inn two patients G-CSF was started on day 13 after transplantation. 

'' Day 0 is day of PBPC-Tx. 
Neutrophill granulocyte count x 10ft/l. 
Timee until platelets are >20 x ^without platelet transfusion. 
Dayy 0 is the day of stem cell or bone marrow reinfusion. 
TwoTwo patients needed many units of red cells: one patient with a hereditary spherocytosis and one patient with 

ann expanding hematoma 
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duee to a previously undiagnosed hereditary spherocytosis and was later treated successfully 
withh a splenectomy. The patients with combined ABMT and PBPC-Tx had comparable 
results.. As expected, the patients receiving ABMT-only repopulated later (neutrophil count 
>500xl06/ll  with G-CSF (n=4) on day 18 (range 14-36) and without G-CSF (n=5) on day 27 
(21-29)),, respectively, and the median times to platelet transfusion independence were 21 days 
(rangee 13-27) and 28 days (27-38), respectively. 

InfectiousInfectious complications 
Inn total, 83 patients developed fever > 38 degrees Celsius for one or more days (median 
durationn 5 days (range 1-18)) in the neutropenic period following HD-CT (Table 3). Most of 
thesee patients (n=65) had fever of unknown origin. Five had clinical and radiological signs of 
pneumonia,, but in only one of them a causative microorganism (parainfluenza virus) could be 
isolated.. In this patient, transferal to the Intensive Care Unit was necessary because of 
respiratoryy distress. In 12 patients, blood cultures from the indwelling intravenous catheter 
becamee positive, usually for coagulase-negative Staphylococci. The amount of positive blood 
culturess could be relatively high, because in the first courses cultures where done every day 
insteadd of twice a week later on. Six more patients had the following documented infections: 
onee patient had a positive blood culture with a Streptococcus Pneumoniae without respiratory 
symptoms.. In a second patient, pulmonary tuberculosis was diagnosed on day 8 after PBPC-
Tx.. A third patient threw up an ascaris worm and received mebendazole for 3 days. A fourth 
patientt had a symptomatic and possibly invasive Candida infection of the mouth. In a fifth 
patient,, a pansinusitis was diagnosed from which Pseudomonas Aeruginosa was cultured. The 
sixthh patient developed multiorgan-failure, possibly resulting from infection of a large 
haematomaa with coagulase-negative Staphylococci (see below). 

BleedingBleeding episodes 
Bleedingg episodes during low platelet counts were frequent (48%), but were mild and never 
life-threatening:: most frequent were epistaxis (26%) and vaginal bleeding related to the 
menstruall  cycle (12%). 

Non-haematologicalNon-haematological toxicity 
Thee organ toxicities during the CTC-courses and the period thereafter are summarised in Table 
4.. Nausea and vomiting was seen in all patients, despite intensive antiemetic therapy. Many 
patientss (n=42) had WHO grade 3-4 nausea and/or vomiting starting on the third day of the 
CTCC course, with a median duration of 8 days. Diarrhea grade 3-4 was found in 28% of the 
patients,, median starting on day 3 after transplantation and lasting for a median of 5.5 days. 
Mucositiss was usually mild, but grade 3-4 toxicity was found in 19 patients. Skin rash was 
frequentlyy seen (grade 3-4 toxicity in 21 patients, median starting on day 7 after 
transplantation)) and usually coincided with the administration of broad-spectrum antibiotics. 
Symptomaticc tinnitus and hearing loss were noted in 12 patients, but only five patients had 
gradee 3-4 toxicity tinnitus and/or hearing loss. At 2 months after transplantation, nine patients 
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(fourr patients with cisplatin-pretreatment) still had symptomatic high-frequency hearing loss 
andd problems with conversation and background noise, eight patients (five patients with 
cisplatinn pretreatment) had intermittent tinnitus and one patient in the breast cancer group still 
hadd continuous tinnitus. Audiograms were not routinely performed. Hearing aids were never 
required.. At long-term follow-up, only one patient had symptomatic high-frequency loss and 2 
patientss still had symptomatic tinnitus, all in the breast cancer group. 
Neuropathyy was mild (limited to paresthesias in hands and feet) and occurred in five patients 
duringg chemotherapy. After 2 months, nine patients had slight sensory and two patients 
moderatee sensory neuropathy. Neuropathy was more common in the patients with germ cell 
tumourss pretreated with cisplatin than in the breast cancer patients (55 % vs 7%). 

Toxicityy Grade (CTC) No of patients Median day start Median day end 

6 6 

11 1 

11 1 

13 3 

14 4 

15 5 

36 6 

Alll  patients 

Nauseaa and vomiting 

Diarrhea a 

Mucositis s 

Rash h 

Ototoxicity y 
•• Hearing loss 

•• Tinnitus 

Neuropathy y 

Hemorrhagicc cystitis 

Cardiotoxicity y 

Pulmonaryy toxicity 

33 or 4 

33 or 4 

33 or 4 

33 or 4 

11 or 2 
33 or 4 
11 or 2 
3or4 4 

11 or 2 
33 or 4 

11 or 2 
33 or 4 

11 or 2 
33 or 4 

l o rr 2 
33 or 4 

100 0 

55 5 

28 8 

19 9 

21 1 

10 0 
3 3 
10 0 
3 3 

5 5 
0 0 

1 1 

3 3 
3 3 

5 5 
2 2 

-3 3 

0 0 

2 2 

7 7 

3 3 

5 5 

28 8 

7 7 

6 6 

8 8 

12 2 

15 5 

TableTable 4. Acute toxicity of CTC 

Renall toxicity (defined as a rise of serum creatinine of 1.5 x the normal value (> CTC-grade 2 
toxicity))) was seen in 12 patients and was at least partially reversible in most cases within two 
monthss (Tables 5 and 6). However, seven patients kept a permanent mild elevation of the 
serumm creatinine (CTC grade 1). Three of these patients had a germ cell tumour and had 
receivedd prior treatment with cisplatin and all of them already had a creatinine elevation 
beforee high-dose therapy. 
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Al ll  patients Day of Peak value (median) 

Alkalin ee phosphatase 
•• < 5x normal value 
•• > 5x normal value 

ASAT T 
•• < 5x normal value 
•• > 5x normal value 

ALA T T 
•• < 5x normal value 
•• > 5x normal value 

Bilirubi n n 
•• < 3x normal value 
•• > 3x normal value 

Creatinine e 
•• < 3x normal value 
•• > 3x normal value 

TableTable 5. Liver and renal toxicity of high-dose chemotherapy 

Onee patient with a germ cell tumour who developed severe kidney toxicity, was found to have 

aa hypoplastic left kidney and nephrosclerosis on the right side, 8 years after HD-CT. 

Nephrotoxicc chemotherapy was thought to be the cause of these problems. He underwent a 

successfull kidney transplantation 8 years after transplantation. 

Mildd hepatotoxicity (Table 5) was seen in all patients and consisted mainly of a transient rise 

inn ALAT and ASAT on the day of transplant (day 0). A total of 36 patients also had a rise of 

bilirubin,, of alkaline phosphatase (median on day 4) and of gamma GT (median on day 2). In 

alll patients, the liver functions normalised in 1 to 2 weeks. 

Mildd haemorrhagic cystitis (WHO grade 2) was seen in one patient between day 7 and 11 after 

transplantt during thrombocytopenia. This did not lead to significant haemorrhagic or 

haemodynamicc complications. 

Somee degree of cardiac failure during the CTC-regimen was observed in six patients and was 

completelyy reversible in all cases. All patients developed the first symptoms between day 3 

andd 8 after transplantation. Symptoms consisted of cardiomegaly (n=5), tachycardia (n=4), 

pleurall effusion (n=2), pericardial effusion (n=2) or electrocardiogram changes (n=3). All six 

patientss were treated with furosemide and oxygen as needed. One patient was additionally 

treatedd with low dose dopamin during a week and a further patient needed nitroglycerin 

sublingually. . 

Sevenn patients developed pulmonary abnormalities, six with breast cancer and one with a 

germm cell tumour. The symptoms (dyspnoea, cough and fever) appeared between the second 

dayy of the HD-CT until 17 days after transplantation. One patient had a documented 

11 DayO=dayofPBPC-Tx 

80 0 
9 9 

72 2 
7 7 

35 5 
1 1 

32 2 
10 0 

10 0 

100 0 
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parainfluenzaa pneumonitis and four patients were thought to have a pulmonary infection 
withoutt identification of a microorganism. As mentioned previously in this paper, one patient 
reactivatedd previously unrecognised pulmonary tuberculosis. One patient was diagnosed to 
havee pulmonary embolism and started with anti-coagulant therapy. Pleural effusion without 
cardiacc toxicity was seen in one patient possibly due to cyclophosphamide-related toxicity. 
Alll  premenopausal female patients became postmenopausal after HD-CT. Psychologic toxicity 
hass been described elsewhere [Schagen et al., 2001]. 

ToxicToxic death 
Onee toxic death (1%) was seen in the high-risk breast cancer group [Rodenhuis et al., 1998]. 
Thiss patient died at day 23 after HD-CT of respiratory distress and multiorgan failure. This 
patientt had been treated with anticoagulant therapy because of thrombosis of the central 
venouss catheter. The coagulation parameters had been normal before the start of anti-
coagulantt therapy. The oral anti-coagulation therapy (coumarins) was discontinued before 
high-dosee therapy and low-dose heparin subcutaneously was begun. At 4 days after stopping 
coumarins,, she spontaneously developed an expanding haematoma in the abdominal wall. 
Laboratoryy investigations showed a prolonged activated partial prothrombin time (APTT), 
whichh could not be explained by the coagulation therapy. Surgery was performed in an effort 
too localise and stop the bleeding, but this was not successful. She went on to develop severe 
mucositiss and an interstitial pneumonia. No microroganisms were detected at broncho-
alveolairr lavage. She eventually developed multiorgan failure and the blood/urine/mouth 
culturess became positive for coagulase-negative Staphylococci despite adequate antibiotic 
treatmentt (teicoplanin and later vancomycin). At autopsy, no viable tumour was found but the 
findingss indicated a respiratory distress syndrome and coagulase-negative Staphylococci could 
stilll  be cultured from the lung. 

LateLate complications 
Thee long-term toxicities are summarised in Table 6. Nephrotoxicity was seen in seven 
patients,, consisting of a persisting elevation of creatinine (>130 (imol/l). One of these patients, 
previouslyy treated with cisplatin, developed end-stage renal failure (due to a hypoplastic left 
kidneyy and nephrosclerosis of the right kidney) and underwent a successful kidney 
transplantation,, 8 years after PBPC-Tx. 
Inn all, 11 patients with breast cancer who received radiation therapy following HD-CT 
developedd signs of a radiation pneumonitis. All responded readily to corticosteroids. One 
additionall  patient had haemoptysis due to a vascular malformation in the lung 4 years after 
HD-CTT and radiotherapy on the mediastinal tumour. He was treated with embolisation and 
laterr underwent a lobectomy. 
Threee patients in the breast cancer group had long-term ototoxicity {symptomatic high-
frequencyy loss (n=l), persisting tinnitus (n=2)), but no patient including those pretreated with 
cisplatinn had symptomatic hearing deficits 
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Germm cell Breast cancer Other All patients 

Noo of patients 8 

Ototoxicity y 
Symptomaticc hearing loss 
•• High frequency 0 
•• Conversation 0 

Intermittentt tinnitus 0 

Neuropathy y 
•• Slight sensory 2 
•• Moderate sensory 0 
•• Slight motor " 

Cardiotoxicit y y 
•• Myocardal infarction 1 
•• Decline of LV function" 0 

Nephrotoxicity y 
•• Persisting creatinine elevation 3 

Pulmonaryy toxicity 
•• Radiation pneumonitis 0 
•• Pleural effusion (transient) 0 
•• Other ' 

TableTable 6. Long-term toxicity 

Neuropathyy was seen in nine patients, both in the germ cell (n=2) and in the breast cancer 

groupp <n=7). Only one myocardial infarction was seen, not exceeding the number expected for 

aa normal population. Two patients in the breast cancer group, both in the group treated with 

conventionall FEC courses, developed symptomatic cardiac failure 7 and 3 years after HD-CT, 

respectively.. The decline in ejection fraction was thought to be due to the combination of 

chemotherapyy and radiotherapy. At the time of follow-up, both patients were still treated with 

angiotensinee converting enzyme inhibitors and diuretics with good result. 

Irreversiblee alopecia, which is sometimes seen after multiple cycles of high-dose CTC, never 

occurred. . 

Herpess Zoster infection was seen in 19 patients, all breast cancer patients. This was a rather 

latee complication with a median of 254 days after transplantation (range 28-1060). Four 

patientss had herpes simplex infections, three of them had an anal herpes infection and one 

patientt had an oral herpes infection. 

11 One patient had already neuropathy before start of CTC-protocol. 
:: LV function= left ventricular function 

Definedd as creatinine > 130 jimol/l. 
44 3 patients had already an elevated creatinine before start of CTC-regimen. One patient needed a kidney transplantation. 
55 Radiation pneumonitis responsive to steroids. 

90 0 100 0 

5 5 
2 2 
0 0 

0 0 
2 2 

0 0 
0 0 
0 0 

0 0 
0 0 

7 7 
2 2 
0 0 

3 3 
1 1 
2 2 

11 1 
6 6 
2 2 

20 0 
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SecondSecond tumours 
Wee found 7 second solid neoplasms (Table 7). 

Al ll  patients 

Noo of patients 100 

Skinn tumours 4 
•• melanoma 2 
•• basal cell carcinoma 1 
•• sqaumous cell carcinoma 1 

Mixedd miilleria n tumour  of ovarium ' 
Cervicall  polyp of uterus 1 
Tubularr  adenoma of colon ' 

Myelodysplasiaa 2 

TableTable 7. Second neoplasms 

Twoo breast cancer patients had benign tumours: a tubular adenoma of the colon and a cervical 
polypp of the uterus, 5 and 7 years after treatment, respectively. Most tumours were skin 
tumours.. One patient had both a melanoma and a squamous cell carcinoma located at the left 
upperr arm and left thorax wall, respectively, 8 years after the high-dose therapy, both not in 
irradiatedd areas. Another melanoma was seen in a patient with germ cell cancer and a basal 
celll carcinoma of the mouth was diagnosed in a breast cancer patient 5 and 4 years after 
treatment,, respectively. The only other solid neoplasm was a mixed miillerian tumour of the 
ovary,, 3 years after high-dose therapy. 

Twoo breast cancer patients developed myelodysplasia (MDS). One patient was diagnosed with 
MDSS and had retrospectively already signs of MDS in the bone marrow before the start of 
chemotherapy.. She died of brain metastases of breast cancer, 1 month after developing bone 
marroww failure due to MDS (8 months after transplant). The second patient developed bone 
marroww failure almost eight years after high-dose treatment and died of bone marrow failure 
duee to a transformation to an acute leukemia without having a relapse. The bone marrow of 
thiss patient showed multiple cytogenic abnormalities (deletion of 3q, 13q, 20q and addition of 
5qq and 18q). 

Discussion n 

Wee have analysed the clinical data of 100 consecutive patients who underwent HD-CT with 
CYC.CYC. The objective of this analysis was to describe the early and late toxicities of this 
regimen,, which is similar to but not identical with the CTCb (STAMP-V) regimen described 
byy Antman et al. [1992]. 
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Sincee the introduction of PBPC-Tx myelosuppression has ceased to be dose-limiting. In 
patientss who also received G-CSF after transplant, the median time to a neutrophil count of > 
0,55 x 109/1 was 10 days after transplant and the time to platelet transfusion independence was 
133 days after transplant. The brief but profound bone marrow suppression is not without 
hazards,, however, and one of the patients in this series died as a result of bleeding and sepsis. 
AA toxic death rate of 1% is in line with the findings in most recent studies of HD-CT. It is also 
consistentt with the finding of the European Bone Marrow Transplantation registry that a toxic 
deathh rate of 1% has been stable in the adjuvant chemotherapy setting for breast cancer since 
19955 [Rostietal., 2001]. 
Thee acute toxicity of CTC is substantial but consistently reversible. We have previously 
shownn that CTC courses can be repeated and we have in fact administered three subsequent 
CTCC courses in patients with breast cancer or germ cell cancer [Rodenhuis et al., 1996]. 
PatientsPatients who receive more than a single course of CTC may, however, develop major organ 
toxicity,, including severe haemorrhagic cystitis, veno-occlusive disease and haemolytic 
uremicc syndrome. In addition, in some patients irreversible alopecia may occur. All these 
problemss were never seen in patients who received only a single CTC course, with the 
exceptionn of the single patient with a very mild haemorrhagic cystitis seen in this series (Table 
4).. The supportive care of CTC has been changed throughout the years and we saw the most 
toxicityy in the first courses. Whether this is due to the better supportive care or the increasing 
experiencee with HD-CT is unsolved. It would be interesting to compare our results with 
toxicityy data of other centers, but up till now, these data are not available. 
Ann important concern in patients who receive high-dose alkylating therapy is DNA damage of 
non-tumourr cells which may in it self lead to second tumours. In this series of 100 patients, we 
havee observed two cases of myelodysplastic syndrome, one of which was already present 
beforee the start of HD-CT. The early myelodysplasia may be the result of the epirubicin 
exposure,, as seen in the Scandinavian trial [Bergh et al., 2000], but in the second patient the 
intervall  was too long for a relation with topo-isomerase II inhibitors. There also were four skin 
cancerss (two of which were melanomas) and a mixed müllerian tumour of the ovary (Table 7). 
Clearly,, even a median follow of seven years is insufficient to estimate reliably the number of 
secondd solid tumours that may be induced by the treatment. 
AA second long-term toxicity we have recently described is impairment of cognitive function 
[Vann Dam et al., 1998]. This type of toxicity has been associated with a single high-dose 
coursee CTC and many of the patients reported here have contributed to these studies [Schagen 
ett al., 2001]. The severity of symptoms associated with these abnormalities at 
neuropsychologicall  testing is, however, generally mild. Current work focuses on the 
reversibilityy of the testing abnormalities after several years. 
AA variety of high-dose regimens for solid tumours has been reported to date. Some of these 
havee been used in larger randomised studies. The latter regimens can arguably be divided in 
threee categories: i) the STAMP-I regimen, consisting of cisplatin, BCNU and 
cyclophosphamide;; ii) the CTCb-like regimens, which are based on cyclophosphamide and 
thiotepaa with or without carboplatin; and iii ) the mitoxantrone-based regimens. We believe 
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thatt the first category, the STAMP-I regimen, is too toxic for routine use. The two studies 
[Peterss et al.,1993, Nikcevich et al.,1999] that employed this carmustine-based combination, 
reportedd high toxic death rates due to organ toxicity, mainly interstitial pneumonitis. Even 
veryy experienced centers that optimally exploit corticosteroids at the earliest sign of 
pulmonaryy symptoms report a 5% toxic death rate [Amman et al., 1992]. 
Regimenss of the third category, employing mitoxantrone, may have acceptable toxicity and 
appearr to be effective in breast cancer, at least in preliminary analyses of randomised studies 
[Rochee et al., 2001]. It will be important to evaluate the long-term cardiotoxicity of high-dose 
mitoxantrone,, particularly in patients who have previously received anthracyclines for breast 
cancerr and who subsequently undergo radiation therapy of the chest wall, which includes the 
myocardium. . 
Thee CTCb-like regimens have been reported to be well-tolerated. We have extensively studied 
thee complicated pharmacokinetics of this combination and have shown that the activation 
routee of the prodrug cyclophosphamide is effectively inhibited in the presence of thiotepa. In 
theory,, a continuous infusion of thiotepa could lead to less active second metabolites, to less 
toxicityy and possibly even less efficacy of the cyclophosphamide-thiotepa combination 
[Andersonn et al., 1996; Teicher et al., 1999; Huitema et al., 2000;]. In the classic STAMP-V or 
CTCbb regimen [Peters et al., 1999], cyclophosphamide and thiotepa are also being given as 
continuouss infusions but this is different in the CTC regimen reported in this paper. Perhaps 
thiss difference could account for the possibly somewhat higher acute toxicity of CTC in 
comparisonn tot CTCb. This difference could, of course, also arise from the substantially higher 
carboplatinn dose in the CTC regimen. We have not been able to administer CTC on an 
outpatientt basis, mainly because of nausea and vomiting. It is interesting that this type of 
toxicityy is much less pronounced when the dose of CTC is decreased by one-third [Schrama et 
al.,, 2001]. With such a dose reduction management of the aplastic phase outside the hospital 
becomess feasible [Westermann et al., 1999]. This illustrates that a relatively minor difference 
inn drug exposure can significantly affect the tolerance of the regimen. 
Att this point in time, the future of HD-CT in the curative treatment of solid tumours remains 
unclear.. Over 3000 patients with high-risk breast cancer have now been treated in randomised 
studiess and most of these studies show a modest benefit for the high-dose arm in preliminary 
analyses.. It is therefore likely that certain individual tumours that cannot be cured by standard-
dosee chemotherapy may sometimes be eradicated by high-dose therapy. Since the latter 
treatmentt modality is toxic and expensive, the ability to specifically select tumours for this 
treatmentt modality would clearly be extremely useful. The recent development of messenger 
RNAA expression profiling [Van 't Veer et al., 2002] has raised hope that this technique could 
bee used to test breast cancers and other malignancies for important biological characteristics 
suchh as alkylating agent sensitivity. 
Att the same time, efforts are continuing to decrease the toxicity of HD-CT. We have recently 
developedd assays that allow us to analyse the pharmacokinetics and pharmacodynamics of the 
threee high-dose agents in the CTC regimen, including the major metabolites of 
cyclophosphamide.. As expected, major differences exist between patients in the area under the 
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curvess (AUC) of cyclophosphamide metabolites, thiotepa and its major metabolite tepa. We 
andd others [Wolff et al., 1990; Huitema et al., 2001;] have observed that a significant 
relationshipp exists between the elevation of liver enzymes and the combined thiotepa and tepa 
AUCs.. In addition, it is mainly the AUC of thiotepa and tepa that is associated with mucositis 
[Husseinn et al., 1995; Prepiorka et al., 1995]. We are currently employing the strategy of 
therapeuticc drug monitoring, in which pharmacokinetic measurements on the first day of 
administrationn of CTC are used to determine the dosage of the three agents on days 3 and 4. In 
thiss way, it is possible to prevent excessive exposure to drugs or their metabolites in some 
patientss and to increase exposure in patients with unexpectedly rapid drug disposition 
[Huitemaa et al., 2001, 2002]. It remains to be shown, however, that such a fine tuning of dose 
leadss to less toxicity, improved efficacy, or both. 
Thee precise role for high-dose alkylating chemotherapy in solid tumours is now gradually 
beingg defined. We believe that the CTC regimen described in this paper is a suitable 
combinationn to be further tested in randomised clinical trials. 

106 6 



ToxicityToxicity ofHD-CT (CTC-regimen) 

REFERENCES S 

Andersonn LW, Chen TL, Colvin OM, Grochow LB, Collins JM, Kennedy MJ, Strong JM 
(1996)) Cyclophosphamide and 4-hydroxyphosphamide/aldophosphamide kinetics in 
patientss receiving high-dose cyclophosphamide chemotherapy. Clin Cancer Res 2: 
1481-1487 7 

Antmann KH, Ayash, Elias A, Wheeler C, Hunt M, Eder JP, Teider BA, Critchlow J, Bibbo J, 
Schnipperr LE, Frei III (1992) A phase II study of high-dose cyclophosphamide, 
thiotepaa and carboplatin with autologous marrow support in women with measurable 
advancedd breast cancer responding to standard-dose therapy. J Clin Oncol 10: 102-110 

Antmann KH, Rowlings PA, Vaughan WP, Pelz CJ, Fay JN, Fields KK, Freytas CO, Gale RP, 
Hillnerr BE, Holland HK, Kennedy MJ, Klein JP, Lazarus HM, Mc Carthy PL jr, Saez 
L,, Spitzer G, Stadtmauer GA, Williams ST, Wolff S, Sobienski KA, Armitrage JO, 
Horowitzz MM (1997) High-dose chemotherapy with autologous hematopoietic stem-
celll  support for breast cancer in North America. J Clin Oncol 15: 1870- 1879 

Berghh J, Wiklund T, Erikstein B, Lidbrink E, Lindman H, Malmstrom P, Kellokumpu-
Lehtinenn P, Bengtsson NO, soderlund G, anker G, Wist E, Ottosson S, Salminin E, 
Ljungmann P, Holte H, Nilsson J, Blomqvist C, Wilking N (2000) Tailored fluorouracil, 
epirubicin,, and cyclophosphamide compared with marrow-supported high-dose 
chemotherapyy as adjuvant treatment for high-risk breast cancer: a randomised trial. 
Scandinaviann Breast Group 9401 study. Lancet 356: 1384-1391 

Dee Gast GC, Vyth-Dreese FA,Nooijen W,van den Bogaard CJ, Sein J, Holtkamp MM, 
Linthorstt GA, Baars JW, Schornagel JH, Rodenhuis S (2002) Reinfusion of autologous 
lymphocytess with granulocyte-macrophage colony-stimulating factor induces rapid 
recoveryy of CD4+ and CD8+ T cells after high-dose chemotherapy for metastatic 
breastt cancer. J Clin Oncol 20: 58-64 

vann Dam FS, Schagen SB, Muller MJ, Boogerd W, vd Wall E, Droogleever- Fortuyn ME, 
Rodenhuiss S (1998) Impairment of cognitive function in women receiving adjuvant 
treatmentt for high-risk breast cancer: high-dose versus standard-dose chemotherapy. J 
Natll  Cancer Inst 90: 210-218 

Guideliness for reporting of adverse drug reactions (1998) Bethesda, MD: Division of Cancer 
treatment,, National Cancer Institute 

Huitemaa AD, Kerbusch T, Tibben MM, Rodenhuis S, Beijnen J (2000) Reduction of 
cyclophosphamide-bioactivationn by thiotepa: critical sequence dependency in high-
dosee regimens. Cancer Chemother Pharmacol 46: 119-127 

Huitemaa AD, Mathot R, Tibben, Rodenhuis S, Beijnen J (2001) Validation of a therapeutic 
drugg monitoring strategy for thiotepa in a high-dose chemotherapy regimen. Ther Drug 
Monitt 23: 650-657 

Huitemaa ADR, Spaander M, Mathot RAA, Tibben MM, Holtkamp MM, Beijnen JH, 
Rodenhuiss S (2002) Relationship between exposure and toxicity in high-dose 

107 7 



ChapterChapter 6 

chemotherapyy with cyclophosphamide, thiotepa and carboplatin. Ann Oncol 13: 374-
384 4 

Husseinn AM, Petros WP, Ross M, Vredenburgh JJ, Affrontil ML, Jones RB, Shpall EJ, Rubin 
P,, Elkordy M, Gilbert C, Gupton C, Egorin MJ, Soper J, Berchuck A, Clarke-Person D, 
Berryy DA, Peters WP (1996) A phase I/II study of high-dose cyclophosphamide, 
cisplatinn and thiotepa followed by autologous bone marrow and granulocyte colony 
stimulatingg factor-primed peripheral-blood progenitor cells in patients with advanced 
malignancies.. Cancer Chemother Pharmacol 37:561-568 

Nikcevichh DA, Vredenburgh JJ, Broadwater G, Ross M, Shpall EJ, Jones RB, Marks L, 
Petersee WP (2002) Ten years follow-up after high-dose chemotherapy and autologous 
bonee marrow support as consolidation after standard-dose adjuvant therapy for high-
riskrisk primary breast cancer. Proc Am Soc Clin Oncol 18: 415a (abstract 1657) 

Peterss WP, Rosner G, Vredenburgh J, Shpall E, Crump M, Richardson D, Marks L, Cincine C, 
Woodd W, Henderson I, Hurd D, Norton L (1999) A prospective, randomised 
comparisionn of two doses of combination alkylating agents as consolidation after C AF 
inn high-risk primary breast cancer involving ten or more axillary lymph nodes; 
preliminaryy results of CALGB 9083/SWOG 9114/NCIC MA-13 Proc Am Soc Clin 
Oncoll  18: la (abstract 2) 

Peterss WP, Ross M, Vredenburgh JJ, Meisenberg B,Marks LB, Winer E, Kurzberg J, Bast RC 
jr,, Jones R, Sphall E (1993) High-dose chemotherapy and autologous bone marrow 
supportt as consolidation after standard-dose adjuvant therapy for high-risk primary 
breastt cancer. J Clin Oncol 11: 1132-1143 

Przepiorkaa D, Madden T, Ippoliti C, Esrov Z, Dimopoulis M (1995) Dosing of thiotepa for 
myeloablativee therapy. Cancer Chemother Pharmacol 1995; 37: 155-160. 

Rochee H, Pouillart P, Meyer N, Biron M, Speilmann M, Janvier M, Spaelh D, Fabbro M, 
Linassierr C, Deny B, Asselain B (2001) Adjuvant high-dose chemotherapy (HDC) 
improvess early outcome for high-risk (N>7) breast cancer patients: the Pegase 01 trial. 
Procc Am Soc Clin Oncol 20: 26a (abstract 102) 

Rostii  G, Ferrante P (2001) EBMT Solid tumors working party and registry 2000 report. 
Faenzaa (Italy); C.E.L.I. Edizione 

Rodenhuiss S (2000) The status of high-dose chemotherapy in breast cancer. The Oncologist 5: 
369-375 5 

Rodenhuiss S, Baars JW, Schornagel JH, Vlasveld LT, Mandjes I, Pinedo HM, Richel DJ 
(1992)) Feasibility and toxicity study of a high-dose regimen incorporating carboplatin, 
cyclophosphamidee and thiotepa. Ann Oncol 3: 855-860 

Rodenhuiss S, Bontenbal M, Beex L,van der Wall E, Richel D, Nooij M, Voest E, Hupperets P, 
Westermannn A, Dalesio O, de Vries E (2000) Randomised phase III study of high-dose 
chemotherapyy with cyclophosphamide, thiotepa and carboplatin in operable breast 

108 8 



ToxicityToxicity ofHD-CT (CTC-regimen) 

cancerr with 4 or more axillary lymphnodes. Proc Am Soc Clin Oncol 19: 74a (abstract 
286) ) 

Rodenhuiss S, Richel D, Van der Wall E, Schornagel JH, Baars JW, Koning CC, Peterse JC, 
Borgerr JK, Nooijen WJ, Bakx R, Dalesio O, Rutgers E (1998) Randomised trial of 
high-dosee chemotherapy and haemopoietic progenitor-cell support in operable breast 
cancerr with extensive axillary lymph node involvement. Lancet 352: 515-521 

Rodenhuiss S, Westermann A, Holtkamp MJ, Nooijen WJ, Baars JW, Van de Wall E, Slaper-
Cortenbachh IC, Schornagel JH (1996) Feasibility of multiple courses of high-dose 
cyclophosphamide,, thiotepa, and carboplatin for breast cancer or germ cell cancer. J 
Clinn Oncol 14: 1473-1483 

Rodenhuiss S, de Wit R, de Mulder PH, Keizer HJ, Sleijfer DT, Lalisang RI, Bakker PJ, 
Manjess I, Kooi M, de Vries EG (1999) A multi-center prospective phase II study of 
high-dosee chemotherapy in germ-cell cancer patients relapsing from complete 
remission.. Ann Oncol 10: 1467-1473 

Schagenn SB, Hamburger HL, Muller MJ, Boogerd W, van Dam FS (2001) Neurophysiological 
evaluationn of late effects of adjuvant high-dose chemotherapy on cognitive function. J 
Neuroll  Oncol 51: 159-165 

Schramaa JG, Baars JW, Holtkamp MJ, Schornagel JH, Beijnen JH, Rodenhuis S (2001) Phase 
III  study of a multi-course high-dose chemotherapy regimen incorporating 
cyclophosphamide,, thiotepa, and carboplatin in stage IV breast cancer. Bone Marrow 
Transplantt 28: 173-180 

Schramaa JG, Faneyte IF, Schornagel JH, Baars JW, Peterse JC, van de Vijver MJ, Dalesio O, 
vann Tinteren H, Rutgers E, Richel DJ (2002) Randomised trial of high-dose 
chemotherapyy and hematopoietic progenitor-cell support in operable breast cancer with 
extensivee lymph node involvement: final analysis with 7 years of follow-up. Ann 
Oncoll  13:689-698. 

Stadtmauerr E A, O'Neill A, Goldstein LJ, Crilley PA, Mangan KF, Ingle JN, Brodsky I, 
Martinoo S, Lazarus HM, Erban JK, Sickles C, Glick JH (2000) Conventional-dose 
chemotherapyy compared with high-dose chemotherapy plus autologous hematopoietic 
stemm cell transplantaiton for metastatic breast cancer. Philadelphia Bone marrow 
Transplantt Group. New Engl J Med 342: 1069-1076 

Teicherr BA, Holden SA, Eder JP, Herman TS, Antman KA, Frei E 3rd (1999) Preclinical 
studiess relating to the use of thiotepa in the high-dose setting alone and in combination. 
Seminn Oncol 17: 18-32 

Vann 't Veer LJ, Dai H, van de Vijver MJ, He YD, Hart AA, Mao M, Peterse HL, van der Kooy 
K,, Marton MJ, Witteveen AT, Schreiber GJ, Kerkhoven RM, Roberts C, Linsley PS, 
Bernardss R, Friend SH Gene expression profiling predicts clinical outcome of breast 
cancerr (2002) Nature 415: 530-536 

109 9 



ChapterChapter 6 

vann der Wall E, Nooijen WJ, Baars JW, Holtkamp MJ, Schornagel JH, Richel DJ, Rutgers EJ, 
Slaper-Cortenbachh IC, van der Schoot CE, Rodenhuis S (1995) High-dose carboplatin, 
thiotepaa and cyclophosphamide (CTC) with peripheral blood stem cell support in the 
adjuvantt therapy of high-risk breast cancer. Br J Cancer 71: 857-862 

Westermannn AM, Holtkamp MM, Linthorst GA, van Leeuwen L, Willemse EJ, van Dijk WC, 
Nooijenn WJ, Baars JW, Schornagel JH, Rodenhuis S (1999) At home management of 
aplasticc phase following high-dose chemotherapy with stem-cell rescue for 
hematologicall  and non-hematological malignancies. Ann Oncol 10: 511-517 

Wolfff  SN, Herzig RH, Fay JW, LeMaistre CF, Brown RA, Frei-Lahr D, Stranjord S, Giannone 
L,, Coccia P, Weick JL (1990) High-dose N,N\N"-triethyl-enethiophosphoramide 
(thiotepa)) with autologous bone marrow transplantation: phase I studies. Semin Oncol 
177 (suppl 3): 2-6 

110 0 



Chapterr  7. 

Palliativee chemotherapy after  failur e of high-dose chemotherapy 
inn breast cancer- toxicity and efficacy 

J.G.. Schrama1, M.M.D. de Boer12, J.W. Baars1, J.H. Schornagel1 and S. Rodenhuis1 

'Departmentt of Medical Oncology, The Netherlands Cancer Institute, Amsterdam, 

Thee Netherlands 
2 2 

Medicall  Student, University of Amsterdam, The Netherlands 

PublishedPublished in: Anticancer Research 2003; 23: 2795-2800 



ChapterChapter 7 

Abstract t 

Wee evaluated the toxicity and efficacy of the first palliative chemotherapy regimen after 
failuree of high-dose chemotherapy in 148 patients with primary or metastatic breast cancer 
treatedd with high-dose chemotherapy (one full dose CTC, (cyclophosphamide 6000 mg/m , 
thiotepaa 480 mg/m2, carboplatin 1600 mg/m2) or multiple courses CTC or 'tiny' CTC (tCTC) 
(two-thirdss of the agents of the full-dose regimen), all divided over 4 days). After a median 
follow-upp time of 46.8 (range 1-120 ) months, 79 patients had a relapse or progressive disease 
andd 41 patients were treated with palliative chemotherapy. The most commonly used regimens 
weree classical CMF (n=13), docetaxel (n=16) and less frequently anthracycline (n=4), 
paclitaxell  (n=5), capecitabine (n=2) and vinorelbine (n=2). In both the CMF and docetaxel 
group,, 3 patients required a dose reduction because of hematological toxicity. 
Objectivee responses were seen with CMF (23%) and docetaxel (69%) with a median duration 
off  161 (range 28-481) and 196 (range 62-437) days, respectively. We found no relationship of 
toxicityy and response with treatment-free interval after high-dose chemotherapy. This report 
showss that conventional-dose palliative chemotherapy regimens may be safe and effective 
afterr failure of high-dose chemotherapy. 

Introductio n n 

Inn the past 10 to 15 years many breast cancer patients have undergone high-dose 
chemotherapyy with peripheral blood progenitor cell (PBPC) transplantation (American Bone 
Marroww Registry and EMBT [1,2]). The large majority of these have been treated 'off protocol' 
butt at least 4,000 patients have been randomized in studies evaluating the efficacy of high-
dosee therapy in the adjuvant setting alone [3]. High-dose chemotherapy in breast cancer has 
becomee considerably less common after several small randomized studies did not show the 
desiredd survival benefit [4-6]. Nevertheless, early analyses of most studies in the adjuvant 
settingg suggest a modest relapse-free survival benefit for the intensive treatment arm. High-
dosee chemotherapy may be particularly effective in tumors that do not express the Her-2/neu 
antigen,, as recently shown by a large randomized study from the Netherlands [7, and data to 
bee published elsewhere].These findings may lead to the identification of a patient group that 
benefitss from this intensive treatment modality. 
Inevitably,, many patients progress or relapse despite high-dose chemotherapy and will 
eventuallyy require palliative treatment. Conventional-dose chemotherapy is an option, but 
manyy physicians are reluctant to prescribe full doses because it is feared that excessive toxicity 
mayy occur, because the bone marrow may not have fully recovered and deep neutropenia 
and/orr thrombocytopenia may ensue. A number of small retrospective studies [8-11] and a 
singlee prospective study [12] suggest that this fear is not justified and that satisfactory 
responsee rates can be obtained in this situation. Clearly, however, these results may not be 
representativee since different high-dose regimens have been used in these studies and the 
numberss of patients were quite small. 
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Wee have studied all patients in our hospital who relapsed after treatment with high-dose 
alkylatingg chemotherapy which consisted of carboplatin, thiotepa and cyclophosphamide. The 
objectivee of this retrospective study was to determine whether or not palliative chemotherapy 
inn this patient group can really be palliative and whether excessive toxicity is common. 

Indicationn HD-CT Induction HD-CT reinfusion No of pts No of pts with references 
regimenn Regimen transplanted a relapse and 

CTT therapy 

3xFE120C->> IxCTC 
surgery-̂  ^ 
lxx FEi2UC 

4xFEC C IxCTC C 

PBPC C 

PBPC C 

33 3 

62 2 

Adjuvant t 

infraclavicularr Inn 
biopsy-positive e 

>> 4 tumor+ 
axillaryy Inn 

Metastaticc disease 

BCC 2-3xFE120C 3xtCTC 3xPBPC 47 
Hormonee refractory 

BCC 2xFE,20C 3xCTC 3xPBPC 4 
Hormonee refractory 

BCC AC IxCTC ABMT 2 
Hormonee refractory M/5-FU/LV 

20 0 

4.13 3 

14.15 5 

offf  protocol 

16 6 

HD-CT== high-dose chemotherapy, CT= chemotherapy, BC= breast cancer, FEC or FE12oC= 5-fluoro-uracil 500 
mg/m2,, epirubicin 90 or 120 mg/m2, cyclophosphamide 500 mg/m2, CTC= full-dose CTC (cyclophosphamide 
60000 mg/m", thiotepa 480 mg/m", carboplatin 1600 mg/m") tCTC= tiny CTC=two thirds of the full-dose 
regimenn (cyclophosphamide 4000 mg/m", thiotepa 320 mg/m", carboplatin 1060 mg/m") all divided over 4 
consecutivee days, PBPC= peripheral blood progenitor cell, ABMT= autologous bone marrow transplantation, 
AC== adriamycin and cyclophosphamide, M=methotrexate, 5-FU= 5-fluorouracil, LV=Leucovorin. 

TableTable I. Treatment schedules of the induction and high-dose chemotherapy courses 

Patientss and Methods 

Patients Patients 
Betweenn 1989 and 2001, 148 patients received high-dose chemotherapy with carboplatin, 
thiotepaa and cyclophosphamide in our institution. These patients participated in five clinical 
studies,, each of which has been described previously [4, 7, 13-16] and each of which had been 
approvedd by the institutional committee on medical ethics. Two of these patients received the 
high-dosee chemotherapy 'off protocol'. 
Twoo of the 5 studies included patients with primary breast cancer, in whom high-dose 
chemotherapyy was part of the adjuvant treatment strategy (n=95). The other 3 studies and the 
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twoo "off-protocol-treatments" involved patients with metastastic breast cancer (n=53). All 
patientss were under the age of 60 years and had a WHO performance status of 0 or 1. 

Therapy Therapy 
Thee treatment schedules employed are summarized in Table I. In all studies, high-dose 
chemotherapyy was administered as late intensification after 2-4 courses of conventional 
chemotherapy y 
Thee patients treated in the protocols had all received FEC or FE120C (5-fluorouracil 500 
mg/m2,, epirubicin 90 or 120 mg/m2, cyclophosphamide 500 mg/m2) every three weeks. The 
high-dosee regimen had consisted of one full-dose CTC (cyclophosphamide 6000 mg/m", 
thiotepaa 480 mg/m2, carboplatin 1600 mg/m2) in primary breast cancer or one or multiple 
coursess CTC or 'tiny' CTC (tCTC) (two-thirds of the agents of the full-dose regimen 
(cyclophosphamidee 4000 mg/m2, thiotepa 320 mg/m2, carboplatin 1060 mg/m") in metastatic 
breastt cancer all divided over 4 days. The carboplatin dose was adjusted according to the 
AUCC (area under the curve) in case of kidney dysfunction (20 and 13.3 mg/ml/min in full 
dosee CTC and in tCTC, respectively). The PBPC reinfusion was performed 48 hours after the 
lastt drug administration of (t)CTC (6 days after start of treatment). 

Toxicity Toxicity 
Alll  toxicity data were extracted from the patients' records and from databases associated with 
thee further studies in which the patients participated. The common toxicity criteria of the 
Nationall  Cancer Institute were employed to grade the toxicities [17]. 
Wee were interested in degrees of toxicity of palliative chemotherapy in the patients treated 
withh high-dose chemotherapy that were unusual with conventional chemotherapy regimens. 
Thereforee we introduced the term 'major toxicity', defined as: 
Hematologicall  toxicity when a blood transfusion was needed (at hemoglobin level below 5.5 
mmol/1);; neutropenia common toxicity criteria grade 4 for over a week, neutropenic fever or 
thrombocytopeniaa common toxicity criteria -grade 3 or 4. 
Anyy other grade 2 toxicity except nausea, vomiting and alopecia; nail toxicity in patients 
receivingg docetaxel was also not considered 'major' 

Response Response 
Diseasee response was defined using standard criteria. A complete response (CR) was defined 
ass the disappearance of all measurable and evaluable disease. A partial response (PR) required 
aa > 50% reduction in the sum of measurable lesions. Stable disease (SD) was defined as a < 
25%% change in size of measurable lesions and no appearance of new lesions. 'Clinical benefit' 
wass defined as CR, PR or SD for more than 2 months. Bone lesions were not used for 
evaluation.. The duration of response was calculated from the start of palliative chemotherapy 
untill  the first day of progressive disease. Responses were evaluated every 2 cycles for 
taxanes,, CMF (cyclophosphamide, methotrexate, 5-fluorouracil), capecitabine or anthracyclin-
basedd regimens and every 4-8 weeks in vinorelbin treatment. 
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Results s 

Betweenn 1989 and 2001, 148 patients with either primary (n=95) or metastatic breast cancer 
(n== 53) were treated with high-dose alkylating chemotherapy in our institution. All patients 
receivedd one or multiple courses of carboplatin, thiotepa and cyclophosphamide. The median 
follow-upp time of all patients from the PBPC transplantation was 46.8 months (range 1-120 
months).. In this period, 79 of the patients either relapsed or had progressive disease (53%). All 
exceptt 4 received palliative treatment which included either endocrine manipulations, 
radiotherapyy and/or chemotherapy. 
Forr this study, we focused on the first palliative chemotherapy regimen received by 41 patients 
(199 patients from the adjuvant chemotherapy studies and 22 patients who had received high-
dosee chemotherapy for metastatic disease). An additional four patients received only low-dose 
chemotherapyy regimens such as weekly doxorubicin injections (n=3) or weekly 5-FU and 
leucovorinn (n=l). Since these 2 regimens are not associated with significant toxicity, not even 
inn patients with partial bone marrow failure, these patients were excluded from this analysis. 
Thee patient characteristics of the 41 evaluable patients are shown in Table II. At a median 
follow-upp time of 46.5 months (range 5-107), 9 of these patients were still alive with disease 
andd 32 had died. The median time from high-dose chemotherapy to relapse or progression was 
177 months (range 2-101) and the time between high-dose chemotherapy and the beginning of 
conventionall  palliative chemotherapy was 24 months (range 2-101). 
AA fairly large number of different chemotherapy regimens were used in the palliative setting, 
ass shown in Table III . The most commonly used regimens were classical CMF (n=13) and 3-
weeklyy (n=13) or weekly administrations of docetaxel (n=3). Five of the 13 (38.5%) patients 
inn the CMF group had major toxicity (one patient had mucositis, four had major hematological 
toxicity)) (Table IV). Eight of the 16 (50%) patients in the docetaxel group had major toxicity 
(22 patients mucositis and 6 patients major hematological toxicity). The antracycline, 
paclitaxel,, capecitabine and vinorelbin groups were too small for a useful evaluation. No 
patientt received trastuzumab (Herceptin®) as first palliative treatment. All chemotherapy 
coursess were started at standard-dose except for a single patient in the paclitaxel group, who 
wass thought to require a dose reduction because of liver function abnormalities. Dose 
reductionss were remarkably often needed in patients who received CMF (in six of the 13 
patients). . 
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Patientt characteristics 

Noo of patients 

Mediann age (years) 
•• Minimum 
•• Maximum 

41 1 

45.8 8 
25.5 5 
57.2 2 

Mediann time to relapse1 (months) 16.8 (1.6-101) 

Indicationn for  HD-CT2 

Adjuvantt 19 
Metastaticc disease 22 

Sitess of metastases 
supraclavv Inn 7 
lungg 6 
mediastinall 1 
abdominall 0 
liverr 11 
brainn 5 
bonee 8 
axillaa 2 
meningitiss carcinomatosa 2 
skinn 4 

Numberr  of sites of metastases 
patientss with 1 site 25 
patientss with 2 sites 13 
patientss with 3 sites 3 

Hormonee receptor3 

ER++ 7 
PR++ 0 
ER/PR++ 9 
ER/PRR - 15 
Unknownn 10 

Survivall  status 
alivee with disease 9 
deadd 32 

Chemotherapyy (CT) 
CTT as first treatment of relapse 14 
CTT as second treatment of relapse 16 
CTT as third treatment of relapse 9 
CTT as fourth treatment of relapse 2 

TableTable II.  Patient characteristics at the time of treatment of relapse with standard-regimen 
chemotherapy chemotherapy 

Timee to relapse in adjuvant-treated patients and patients with metastatic disease was 24 (4-102.7) and 9(1.6-
67.7)) months, respectively. 
HD-CT=high-dosee chemotherapy. 
ER=estrogenn receptor, PR=progesteron receptor. 
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anthracyclin-based d 
•• CR 
•• PR 
•• SD 
•• Clinical benefit4 

capecitabine e 
•• CR 
•• PR 
•• SD 
•• Clinical benefit 
CMF6 6 

•• CR 
•• PR 
•• SD 
•• Clinical benefit 
docetaxel7 7 

•• CR 
•• PR 
•• SD 
•• Clinical benefit 
paclitaxel8 8 

•• CR 
•• PR 
•• SD 
•• Clinical benefit 
vinorelbin n 
•• CR 
•• PR 
•• SD 
•• Clinical benefit 

Noo of patients 

3 3 

2 2 

13 3 

16 6 

5 5 

2 2 

Best t 
response' ' 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

11 (8%) 
2(15%) ) 
11 (8% J 
4(31%) ) 

0 0 
11(69%) ) 
22 (12%) 
13(81%) ) 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

M M 

2 2 

2 2 

6 6 

4 4 

6 6 

2 2 

Meann no of courses Dose reductions 

TableTable HI. Response data of the different standard-regimens 

'' defined as the best response lasting for at least 2 months. 
"" Number of patients requiring a dose reductions in one or more courses. 

FECC or FAC= 5-fluorouracil 500 mg/m", epirubicin 90 mg/m" or adriamycin 50 mg/m", cyclophosphamide 500 
mg/irff repeated every 3 weeks. 

44 defined as complete response (CR), partial response (PR) or stable disease (SD) more than 2 months. 
 Capecitabine 1000-1250 mg/m2 b.i.d. 

66 CMF=cyclophosphamide 100 mg/m" day 1-14, methotrexate 40 mg/m", 5-fluorouracil 500 mg/m" day 1 and 8. 
77 docetaxel was administered 100 mg/m" 3-weekly or weekly oral 100 mg fixed dose. 
88 paclitaxel 175 mg/m2, except in one patient who required a 25% dosee reduction because of liver dysfunction. 
99 vinorelbin 25 mg/m" weekly. 
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TableTable IV. Major toxicity of treatment of relapse after HD-CT and hematological toxicity. 

Firstt  palliativ e CT for 

**  Anthracyclins 

•• Capecitabine 

•• CMF 

•• Docetaxel 

•• Paclitaxel 

•• Vinorelbin 

Alll first palliative CT 

No o 

relapse e 

3 3 

2 2 

13 3 

16 6 

5 5 

2 2 

41 1 

Major r 
hematological l 

toxicity y 

l l 

0 0 

3 3 

4 4 

0 0 

1 1 

9 9 

Otherr  major  toxicity 

mucositis s 

0 0 

0 0 

1 1 

2 2 

0 0 

0 0 

3 3 

Neutropenic c 
fever r 

0 0 

0 0 

1 1 

2 2 

0 0 

0 0 

3 3 

Liverr toxicity 

0 0 

0 0 

1 1 

0 0 

1 1 

0 0 

2 2 

Thee reasons for dose reductions included hematological toxicity (3 patients), pleural effusion 
(11 patient in whom only the methotrexate dose was reduced), extreme nausea and vomiting (1 
patient)) or symptoms of hemorrhagic cystitis (1 patient). In the docetaxel group, dose 
reductionss were required in 4 of the 16 patients, because of deep leukopenia (3 patients) or 
becausee of an infection with a Pseudomonas species (1 patient). Other toxicities were minor 
andd most frequently involved mucositis (1 patient in the CMF group and 2 in the docetaxel 
group).. Minor (CTC grade 1) nail toxicity (2 patients), skin toxicity (1 patient) and 
neuropathyy (1 patient) were seen in the docetaxel group. 
Sincee the recovery of bone marrow function may progress in the years after high-dose 
chemotherapy,, we studied the relationship of the time between high-dose chemotherapy and 
palliativee chemotherapy and its influence on toxicity and treatment response (Figure 1). 
Inn fact, it was hypothesized that a longer treatment-free interval would yield less toxicity and 

betterr responses for palliative chemotherapy. We were not able to detect such a difference in 
toxicityy of chemotherapy between patients who received early or late palliative 
chemotherapy.. Objective responses to chemotherapy were seen with CMF chemotherapy (3 
outt of 13 patients, 23%) and with docetaxel (11 out of 16 patients, 69%). The clinical benefit 
ratess after CMF and docetaxel were 31% and 81%, respectively. There were no responses in 
thee 5 patients receiving paclitaxel as a singlee agent. The median response durations were 161 
dayss (28-481) for CMF and 196 days (range 62-437) for docetaxel. 

CT== chemotherapy HD-CT= high-dose chemotherapy 
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ISS 36 >36 

month s s 

FigureFigure 1. Interval between palliative CT'for relapse and HD-CT and hematologic toxicity 

Discussion n 

Althoughh high-dose alkylating chemotherapy is usually given with the objective to obtain 
cure,, relapses or progressive disease remain common. Better selection of breast cancer patients 
forr high-dose alkylating chemotherapy may decrease the failure rates [18,19], particularly if 
biologicall  markers such as Her-2/neu are employed. Nevertheless, there will continue to be a 
needd for adequate palliation. 
Wee studied 41 patients who received conventional palliative chemotherapy for breast cancer 
followingg failure of high-dose chemotherapy. We attempted to find evidence for excessive 
bonee marrow suppression or other excessive toxicity. We also determined the likelihood of 
responsee to exclude the possibility that relapses after high-dose chemotherapy might be 
'chemotherapyy resistant'. 
Thee toxicity of the chemotherapy regimens employed was acceptable and not convincingly 
moree excessive than one would have expected in other patients who had previously received at 
leastt one line of chemotherapy. Interestingly, severe bone marrow toxicity was relatively rare 
andd there was also no indication that bone marrow toxicity was more pronounced in patients 
whoo had only recently undergone their transplant. It must, however, be stressed that only 4 
patientss started with palliative chemotherapy between 0 and 6 months after transplant. It is 
likelyy that clinicians attempted to delay chemotherapy in these patients or advised low-dose 
regimenss that are not associated with significant bone marrow toxicity. Six patients received 
ass first palliative chemotherapy these low-dose regimens consisting of weekly administrations 
off  10 or 15 mg of doxorubicin (n=3) or weekly administrations of 5-fluorouracil and 
leucovorinn (n=3). Four of these patients were excluded from analysis, while two patients 
remainedd in analysis because they received other palliative chemotherapy later on. Two of 
thesee patients received this chemotherapy in the first year. Nine patients began with palliative 

CT== chemotherapy HD-CT= high-dose chemotherapy 
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chemotherapy,, between 6 and 12 months without an increased toxicity. Although we are not 
completelyy informed as to what time conventional-dose chemotherapy can be administered 
afterr a PBPC transplant, it appears that an interval of 6 months is safe. 
Inn our small series of patients, docetaxel was obviously the most active drug with 11 partial 
remissionss in 16 patients. This is perhaps not surprising, since the activity of docetaxel in 
second-- and third-line has been well-documented (see for review 20 and 21) and since all our 
patientss were taxane-naïve, while they have had extensive pretreatment with both alkylating 
agentsagents and (to a lesser extent) with anthracyclines. The activity of CMF (3 objective responses 
inn 13 patients) is not impressive, but is more than one might anticipate. Cyclophosphamide is 
oftenn considered to be the main component of CMF and it is therefore to a large extent an 
alkylator-basedd regimen. One would perhaps expect that tumors relapsing after high-dose 
therapyy are resistant to alkylators such as cyclophosphamide, but this is apparently not always 
thee case. 
Inn conclusion, conventional-dose palliative chemotherapy may be safe and effective in patients 
withh breast cancer who relapse after high-dose alkylating chemotherapy. The chemotherapy 
cann be started at full dose when at least 6 to 12 months have elapsed since the high-dose 
therapy.. Clearly, efficacy in terms of objective response rate or 'clinical benefit' are not a 
guaranteee for effective palliation. A quality of life analysis was not done in this study. Our 
dataa suggest that docetaxel-containing regimens will probably gain clinical benefit without 
unacceptablee toxicity. Because of the small number of patients in the other treatment group, 
veryy littl e can be stated about the other regimens. Prospective larger studies of post-transplant 
regimenss are necessary and these should also include quality of life analyses. 

120 0 



PalliativePalliative chemotherapy after failure ofHD-CT 

References s 

11 Rosti G and Ferrante P: EBMT Solid tumors working party and registry 2000 report. 
Faenzaa (Italy); C.E.L.I. Edizione, 2001. 

22 Antman KH, Rowlings PA, Vaughan WP, et at High-dose chemotherapy with 
autologouss hematopoietic stem-cell support for breast cancer in North America. J Clin 
Oncoll  15: 1870-1879, 1997. 

33 Rodenhuis S: High-dose chemotherapy in breast cancer-interpretation of the 
randomizedd trials. Anticancer Drugs 12: 85-88, 2001. 

44 Rodenhuis S, Richel D, Van der Wall E, et at Randomised trial of high-dose 
chemotherapyy and haemotopoietic stem cell support in operable breast cancer with 
extensivee axillary lymphnode involvement. Lancet 352: 515-521, 1998. 

55 Hortobagyi GN, Buzdar AU, Theriault RL, et at Randomized trial of high-dose 
chemotherapyy and blood cell autografts for high-risk primary breast carcinoma. J Natl 
Cancerr Inst 92: 225-233, 2000. 

66 Stadtmauer EA, O'Neill A, Goldstein LJ, et at Conventional-dose chemotherapy 
comparedd with high-dose chemotherapy plus autologous hematopoietic stem-cell 
transplantationn for metastatic breast cancer. N Engl J Med 342: 1069-1076, 2000. 

77 Rodenhuis S, Bontenbal M, Beex L, et at Randomized phase II study of high-dose 
chemotherapyy with cyclophosphamide, thiotepa and carboplatin in operable breast 
cancerr with 4 or more axillary lymphnodes. Proc Am Soc Clin Oncol 19: 75a {abstr 
86),, 2000. 

88 Andres R, Mayordomo JL, Isla D, et al: Responses to docetaxel plus vinorelbine in 
metastaticc breast cancer patients failing high-dose chemotherapy. Br J Cancer 86: 
1017-1018,2002. . 

99 Tartone A, Sirotova , Z, Aieta M and Lelli G: Salvage treatment with epirubicin and/or 
paclitaxell  in metastatic breast cancer patients relapsed after high-dose chemotherapy 
withh peripheral blood progenitor cells. Tumori 87: 134-137, 2001. 

100 Zambelli A, Robustelli della cuna FS, Ponchio L, et al: Four-day infusion of 
fluorouracill  plus vinorelbin as salvage treatment of heavily pretreated metastatic breast 
cancer.. Breast Cancer Res Treat 61: 241-247, 2002. 

111 Bashey A, Sundaram S, Corringham S, et at Use of capecitabine as first-line therapy in 
patientss with metastatic breast cancer relapsing after high-dose chemotherapy and 
autologouss stem cell support. Clin Oncol 13: 434-437, 2001. 

122 Bokemeyer JA, Knop S, Schupp M, et al: Capecitabine in patients with breast cancer 
relapsingg after high-dose chemotherapy plus autologous peripheral stem cell 
transplantation-aa phase II study. Anticancer Drugs 13: 405-410, 2002. 

121 1 



ChapterChapter 7 

133 Schrama JG, Faneyte IF, Schornagel JH, et ah Randomized trial of high-dose 
chemotherapyy and hematopoietic progenitor-cell support in operable breast cancer with 
extensivee lymphnode involvement: final analysis with 7 years of follow-up. Ann Oncol 
13:689-698,2002. . 

144 De Gast GC, Vyth-Dreese FA, Nooijen W, et ah. Reinfusion of autologous lymphocytes 
withh granulocyte-macrophage colony stimulating factor induces rapid recovery of 
CD4++ and CD8+ T cells after high-dose chemotherapy for metastatic breast cancer. J 
Clinn Oncol 20: 58-64, 2002. 

155 Schrama JG, Baars JW, Holtkamp MJ, et ah Phase II study of a multicourse high-dose 
chemotherapyy regimen incorporating cyclophosphamide, thiotepa, and carboplatin in 
stagee IV breast cancer. Bone Marrow Transplant 28: 173-180, 2001. 

166 Rodenhuis S, Westermann A, Holtkamp MJ, et ah Feasibility of multiple courses of 
high-dosee cyclophosphamide, thiotepa, and carboplatin for breast cancer or germ cell 
cancer.. J Clin Oncol 14: 1473-1483, 1996. 

177 Guidelines for reporting of adverse drug reactions. Bethesda, MD: Division of Cancer 
Treatment,, National Cancer institute, 1998. 

188 Nieto Y, Cagnoni PJ, Nawaz S, et ah Evaluation of the predictive value of Her-2/neu 
overexpressionn and p53 mutations in high-risk primary breast cancer patients treated 
withh high-dose chemotherapy and autologous stem-cell transplantation. J Clin Oncol 
18:2070-2080,2000. . 

199 Nieto Y, Nawaz S, Jones RB, etah Prognostic model for relapse after high-dose 
chemotherapyy with autologous stem-cell transplantation for stage IV oligometastatic 
breastt cancer. J Clin Oncol 20: 707-718, 2002. 

200 Nabholtz J-M A. Reese D.M. Lindsay M-A , Alexandra Riva: Docetaxel in the 
treatmentt of breast cancer: An update on recent studies. Semin Oncol 3: 28-34, 2002. 

211 Esteva F.J. The current status for docetaxel for metastatic breast cancer. Oncology 16: 
17-26,, 2002. 

122 2 



Chapterr  8. 

Overexpressionn and amplification of Her-2 and Topoisomerase II 
alphaa and the response to alkylatin g high-dose chemotherapy in 

stagee IV breast cancer 

Jolandaa G. Schrama1, Marc van de Vijver3, Bert de Gast1, Petra Kristel , Ninja Antonini , 

Harmm van Tinteren2, Sjoerd Rodenhuis' 

'Departmentt of Medical Oncology, 
2Departmentt of Biostatisties 
3Departmentt of Pathology 

Thee Netherlands Cancer Institute, Amsterdam, The Netherlands 

Submitted Submitted 



ChapterChapter 8 

Abstract t 

Purpose Purpose 
Too determine the predictive value of Her-2/neu (HER-2) and Topoisomerase II alpha (Topo 
2a)) expression and amplification for the outcome of high-dose chemotherapy with peripheral-
bloodd progenitor-cell (PBPC) reinfusion in women with advanced breast cancer. 

ExperimentalExperimental design 
Wee analyzed 59 consecutive patients with hormone-refractory stage IV breast cancer who 
weree planned to receive high-dose chemotherapy. All patients started the treatment with two 
orr three courses of FE120C (fluorouracil 500 mg/m", epirubicin 120 mg/nT and 
cyclophosphamidee 500 mg/m" q 3 weeks). Patients in whom evidence of response was 
observedd or who were inevaluable for response (total: n=49) were scheduled to receive three 
subsequentt courses of high-dose chemotherapy with tCTC (cyclophosphamide 6 g/m", 
thiotepaa 480 mg/m2 and carboplatin 1600 mg/m2) followed by PBPC reinfusion. HER-2 and 
Topoo 2a status were determined by immunohistochemistry (IHC) and in a subgroup of patients 
alsoo with chromogenic in situ hybridization (CISH). 

Results Results 
Off  the 59 tumors, 17 showed HER-2 3+ overexpression. All these tumors showed HER-2 
amplificationn with CISH. Two of the five tumors that were HER-2 2+ had also HER-2 
amplification.. Topo 2a expression in more than 10% of the nuclei was seen in 16 tumors. Only 
fivee of the 59 tumors also showed Topo 2a amplification and all these tumors had also HER-2 
amplification.. No Topo 2a amplification was found in the HER-2 negative patients. No 
predictivee relation was observed between Topo 2a and HER-2 overexpression or amplification 
andd the response to FE120C or outcome (in terms of progression-free (PFS) or overall survival 
(OS)). . 

Conclusion Conclusion 
Wee conclude that the previously shown inverse relationship between HER-2 overexpression or 
amplificationn and outcome of high-dose alkylating chemotherapy could not be confirmed in 
thiss small retrospective study. More advanced techniques, such as gene expression profiling 
mayy be required to improve the selection of patients who are likely to respond to this intensive 
treatment. . 
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Introductio n n 

Althoughh high-dose chemotherapy (HD-CT) 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]). At the moment 
off  this writing, only six randomized studies are available [4,5,6,7,8,9] and none of these has 
shownn an overall survival (OS) advantage for high-dose alkylating therapy administered as 
latee consolidation. The Canadian study [5] and the Pegase group [6] did show an improved 
Progressionn Free Survival (PFS). Some confusion about the efficacy of high-dose 
chemotherapyy may arise from heterogeneity of the patient populations and it is likely that HD-
CTT is beneficial for only a subgroup of patients with metastatic breast cancer, while it may be 
ineffectivee and even detrimental for others. Many efforts have been made to identify this 
subgroupp and most studies agree that younger age, oligometastatic disease, and metastases 
limitedd to soft tissues are favorable factors. Also, the highest disease-free survival plateaux are 
foundd when high-dose chemotherapy is given in first complete remission and when patients 
havee low volume disease [10,11,12]. 
Recently,, it has become clear that HER-2 positive tumors differ importantly in terms of 
biology,, prognosis and drug sensitivity from other breast cancers [13,14]. The HER-2 protein 
(erbB-2)) is a 185 kD transmembrane tyrosine kinase receptor and its overexpression is the 
resultt of HER-2 amplification. There is strong evidence that tumors with HER-2 amplification 
havee a worse prognosis, but a dose-dependent favorable response to anthracyclins has been 
documentedd [15,16,17,18,19]. It has been suggested that this can be explained by the recent 
findingg that the gene for Topo-isomerase 2 alpha (Topo 2a), a key enzyme in DNA replication 
andd a well known molecular target for anthracyclines, is located in the proximity of HER-2 on 
chromosomee 17. Topo 2a is frequently amplificated together with HER-2, but it can also been 
deletedd [20,21]. This supports the hypothesis that anthracyclin sensitivity of HER-2 positive 
tumorss may be mediated by overexpression of Topo 2a. 
Eightt uncontrolled studies [22,23,24,25,26,27,28,29] and the Dutch randomized study in high-
riskk breast cancer [30] have shown that HER-2 amplification predicts failure of high-dose 
alkylatingg therapy. Based on these data, several authors have recommended excluding HER-2 
positivee patients from HD-CT studies. It is of interest, that many HD-CT studies have an 
anthracyclin-basedd induction part. If response to induction therapy is used as a selection 
criterion,, than it is conceivable that this induction regimen selects for the HER-2 positive 
tumors,, which respond -paradoxically- less to this alkylating regimen. 
Sincee 1994 our institute has developed a triple high-dose alkylating chemotherapy regimen for 
selectedd hormone refractory stage IV breast cancer patients and we have reported a 30% 3-
yearr Progression Free Survival (PFS) rate for this treatment [31]. In this study, we analyze 
HER-22 and Topo 2a as predictive factors for the response to chemotherapy in this patient 
group.. Although our series is small, the strength of the HER-2 interaction with treatment 
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outcomee found in the literature encouraged us to investigate the impact of HER-2 and Topo 2a 
inn this patient group. 

Patientss and Methods 

PatientPatient Selection 
Wee analyzed 59 patients who were treated in three closely related treatment protocols in our 
institutionn between September 1994 and December 2001. The results of two of these studies 
havee been published previously [31,32] and the third one is still ongoing. All patients had 
biopsy-provenn stage IV breast cancer. Patients previously treated with chemotherapy were 
excluded,, except patients who had received non-anthracyclin-based adjuvant therapy more 
thann one year before the diagnosis of recurrence. All patients were younger than 56 years and 
theirr performance status was excellent (WHO 0 or 1). Eligibilit y required estrogen-receptor 
negativityy of the tumor or failure of at least one line of hormonal therapy. Further eligibility 
criteriaa have been described previously [31,32]. Tumor-tissue specimens were obtained 
retrospectivelyy by request from the pathology departments where the resection of the primary 
tumorr or diagnostic biopsy of the metastases had been done. In this study, only those patients 
weree included from whom the pathologic specimens of the biopsies or surgery could be 
obtained.. In the first protocol, 37 of the 41 the pathologic specimens were available, and in the 
secondd study all 14 specimens were available. From the ongoing protocol we selected the 
patientss that started the treatment at least one year ago. The pathologic specimens were 
availablee in eight of these 12 patients 

TreatmentTreatment schedule 
Thee treatment started with two or three courses of intensive FE120C (fluorouracil 500 mg/m", 
epirubicinn 120 mg/m2 and cyclophosphamide 500 mg/m"), all given as an intravenous push 
injectionn on day 1 with a 3-week interval. The second FE120C course was used for stem cell 
mobilization.. Patients responsive to FE120C and patients with stable or inevaluable disease 
wentt on to treatment with high-dose chemotherapy. Patients with progressive disease after 
FE120CC did not proceed to the high-dose regimen and were taken off protocol treatment. 
Resectionn or irradiation of any residual disease was performed whenever possible after the last 
course,, and sites of previous bulky disease (>5 cm) were also irradiated when possible. The 
patientss in the second study received immunotherapy as well [32], and those participating in 
thee ongoing study were additionally treated with 12 courses of weekly oral paclitaxel and 
cyclosporinee A, starting about 4 weeks after the last HD-CT course. 

PeripheralPeripheral blood progenitor cell (PBPC) mobilization and harvest 
Peripherall  blood progenitor cell mobilization was done after the second FE120C course by the 
administrationn of filgrastim (300 meg subcutaneously, regardless of body weight) from day 2 
onwardss until leukocytapheresis. The technique of leukocytapheresis has been described 
previouslyy [32,33]. 
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High-doseHigh-dose chemotherapy regimen: "tiny CTC" (tCTC) 
Thee high dose regimen tiny CTC was administered as published previously [33]. 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 1,060 mg/nT in 
patientss with normal kidney function, but if creatinin clearance was 110 ml/min or less, the 
totall  dose for 4 days was calculated by the formula: Dose (mg)= 13.3 x (Creatinin Clearance + 
25).. Cyclophosphamide, total dose 4,000 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 
(5000 mg per dose) was given 6 times a day during 6 days, starting one hour before the first 
Cyclophosphamidee infusion. The first course "tiny CTC" (carboplatin, thiotepa, 
cyclophosphamide,, see below) was started 3 weeks after the last FE120C course. The second 
andd third courses were each started 4-5 weeks after the previous one. 
Supportivee care and dose adaptations have been described previously [31,32]. 

Pathology Pathology 
Immunohistochemistry Immunohistochemistry 
Formalin-fixed,, paraffin-embedded tissue samples were stained with antibodies HER-2 (3B5; 
1:10,000).. HER-2 staining was scored on a scale from 0 to 3+ using the score outlined in the 
DAKOO Hercep-test. Tumors with no staining or weak staining of less than 10% of the tumor 
celll  nuclei were scored as negative. 
Stainingg for Topo 2a was performed with the JH2.7 monoclonal antibody from Lab Vision 
Corp.. (Fremont, CA) at a dilution of 1:100. The percentage of positively staining nuclei was 
assessedd and a score > 10% was considered 'positive'. 
Al ll  59 specimens were analyzed with IHC for both HER-2 and Topo 2a. 
CISH CISH 
Inn addition to staining whole tissue sections, as described in the previous paragraph, a tissue 
microarrayy (TMA) was made; this TMA contained 38 tumor samples, but three of these 
showedd no tumor at analysis for HER-2 and Topo 2A; and one no tumor for analysis of Topo 
2A,, resulting in 34 evaluable tumor samples. 
CISHH was done on 3 fim-thick histological sections of the TMA. The slides were 
deparaffinisedd and incubated with SPOT-Light TM heat pretreatment buffer (Zymed Inc., 
Southh San Fransisco, CA, USA) in a microwave oven for 7 min at 850 Watt and 15 min at 180 
Watt.. After washing with dH20, 100 ul SPOT-Light TM tissue pretreatment enzyme (Zymed) 
wass applied at room temperature (RT) for 5 min. The slides were washed with dHiO and 
dehydratedd with ethanol. A cover slip was applied onto the slide after application of 15 (il of a 
digoxigenin-labelledd HER-2 probe (Zymed). The slides were denaturated on a 95 °C hot plate 
forr 5 min. and incubated for > 10 hours (overnight) in a humidity box at 37"C. After 
incubation,, the slides were stringent washed with 0.5 x sodium chloride citrate for 5 min at 75 
°C.. After washing with dH20 the slides were treated with 3% hydrogen peroxide for 10 min. 
1000 |il mouse antidigoxigenin (Zymed) was applied for 60 min after the application of 100 (Ltl 
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CAS-Blockk tm (Zymed) for 10 min. After washing with PBS/Tween, 100 \i\ horse radish 
peroxidase-goatt anti mouse (Zymed) was applied for 60 min. After washing with PBS, 100(il 
3,3-diaminobenzidinee tetrahydrochloride was applied for 30 min. After washing with running 
tapp water and dehydration with ethanol and xylene, the slides were counterstained with 
haematoxylin.. CISH for Topo 2a was performed using the same method and SPOT-Light 
Topoisomerasee II (Zymed). Amplification was defined as a gene copy number of more than 4. 
Thee selection of tumors to be included in the TMA was made based on the following 
considerations: : 
Inn 38 out of the 59 patients HER-2 and Topo 2a could be determined by both IHC and CISH. 
Dataa from the literature show that HER-2 gene amplification is most consistently associated 
withh a 3+ score at IHC, but in tumors with a 2+ score gene amplification can be present or 
absent.. Amplification is usually not found in tumors negative for HER-2 with IHC. For this 
reason,, we only analyzed amplification by CISH in tumors that were HER-2 2+ or 3+ with 
IHCC (13 of this 17 tumors were evaluable) and the patients that had Topo 2a overexpression 
withoutt HER-2 overexpression (7 of the 9 tumors were evaluable), resulting in 20 tumors that 
weree evaluated for HER-2 and Topo 2A gene amplification. To compare the methods of IHC 
andd CISH we also included in the TMA an additional 18 available specimens that were 
negativee or weakly positive for HER-2. All tumors that were HER-2 3+ at IHC were 
consideredd positive (also when CISH could not be performed to assess HER-2 gene copy 
number).. Tumors that were HER-2 2+ at IHC were considered positive only if CISH showed 
HER-2HER-2 gene amplification. Two tumors were excluded, because they showed HER-2 2+ 
staining,, but could not be evaluated with CISH. 

ResponseResponse to the conventional part of chemotherapy (FE]2oC) 
Completee response was defined as disappearance of all evaluable tumor mass, partial response 
wass defined as a decrease of at least 50% of the sum of all perpendicular diameters of 
evaluablee tumor mass. In case of absence of an evaluable mass, a reduction of the tumor 
markerr (CEA or Ca 15.3) more than 50% was also considered as a response. Progressive 
diseasee was defined as an increase of 25% of the tumor mass or the appearance of new tumor 
lesions.. Stable disease was a decrease of < than 50% or an increase of < than 25%. 

StatisticalStatistical analysis 
Progressionn free survival (PFS) and overall survival (OS) was defined as the time from start of 
inductionn therapy to the appearance of the first relapse, progression of disease (PFS) or death 
(OS)) from any cause; patients known to be alive were censored at the time of their last follow-
upp visit. 
Thee Kaplan-Meier method was used to estimate curves for PFS and OS and comparisons were 
madee by the log-rank test. The Cox-regression analysis was performed to estimate hazard 
ratioss and confidence intervals. 
Thee relation between response and HER-2 and Topo 2a and the comparisons between the 
groupp with or without evidence of disease was analyzed with the Chi-squared test (Pearson). 
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Mcc Nemar's test was used to measure similarity between IHC and CISH measurements for 
Topoo 2a and HER-2. In a similarity test, a low p-value means that the measurements differ 
significantlyy from each other. 

Results s 

Wee determined HER-2 and Topo 2a in 59 tumors of the patients included in the studies. To 
evaluatee the possible relationship of HER-2 and Topo 2a with the result of HD-CT we studied 
onlyy the 49 patients of this patient group who had undergone at least one course of HD-CT 
(Tablee 1). Ten patients did not proceed to HD-CT mainly because of tumor progression (nine 
patients)) or estrogen-positive tumor (one patient). The median follow-up of all patients was 27 
monthss with a lead follow-up of 87 months. 
Twoo of the three included phase II studies were published previously [31,32]. 

Pathology Pathology 
Thee specimens of 59 patients were available for pathologic examination. In all of these tissues, 
immunohistochemicc staining (IHC) was performed for both HER-2 and Topo 2a. We 
determinedd HER-2 and Topo 2a amplification by CISH in all tumors that were HER-2 2+ or 
3+,, and all tumors that were positive for Topo 2a with IHC (n= 20) , indicating the possibility 
off  amplification. In addition, to study the correlation between IHC and CISH for Topo 2a and 
HER-2,, 18 available tumors that were HER-2 negative with IHC were evaluated by CISH (see 
methods)) and in none of these evidence of HER-2 amplification was found. In 34 of the 38 
testedd tumors HER-2 or Topo 2a gene amplification could be determined. 

HER-2HER-2 and Topo 2a and overexpression and amplification 
Thee results of the correlations between HER-2 and Topo 2a are shown in Table 2 and Figure 
1.. The IHC showed HER-2 overexpression in 17 patients (HER-2 2+ in 5 and 3+ in 12 
patients,, respectively). There was a strong correlation between HER-2 IHC and the number of 
HER-2HER-2 gene copies found by the CISH method: 10 of the 12 HER-2 3+ positive tumors (IHC) 
weree available and all showed amplification with CISH and none of the patients with a 
negativee IHC showed amplification with CISH (Table 2). In two of the five tumors with 2+ 
stainingg with IHC, no CISH result could be obtained (one no signal, one no specimen), one 
tumorr showed normal HER-2 copy number and two other tumors showed HER-2 gene 
amplification.. This is consistent with the findings in the literature. 
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HER-22 status CISH<5 gene copies or CISH>5 gene copies or 
IHCC negative IHC 3+positive 

Numberr  of patients 

Mediann age in years (range) 

Histologicc grade 
 I 
 II 
 II I 

Priorr  chemotherapy 
Priorr  hormonal therapy 
Hormonee responsiveness 

•• ER negative and PR negative 
•• ER negative and PR positive 
•• ER positive and PR negative 
•• ER positive and PR positive 
•• ER unknown 

Noo of CTC courses 
 1 
 2 

•• 3 
Numberr  of sites of disease 

•• 1 site 
•• 2 sites 
•• 3 sites 
•• 4 or more sites 

Sitess of disease 
•• local relapse 
•• lymph nodes 
•• bone 
•• visceral 
•• skin 

Responsee to FEC2 

 CR 
 PR 
 SD 
 PD 
 NE 

Conversionn to CR/ 
Noo of pt with PR or  SD after  FEC 

TableTable 1. Patient characteristics of the transplanted patients with and without HER-2 

overexpression overexpression 

11 We performed CISH and IHC for HER-2 in of the HD-CT patients. Not from all patients were specimens available for the 
CISHH method. Data from the literature show that if a tumor is Her-2 3+with IHC in the DAKO test this correlates with HER-
22 gene amplification. If a tumor was HER-2 2+ with a positive CISH we considered the tumor as Her-2 positive, if no CISH 
wass available the patient was excluded for this analysis (one patient). 
22 CR=complete response, PR=partial response, SD=stable disease, PD=progressive disease, NE= non evaluable 
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36 6 

455 (31-52) 

12 2 

44(31-55) ) 

4 4 
10 0 
22 2 
8 8 
14 4 

5 5 
5 5 
26 6 

15 5 
16 6 
4 4 
1 1 

11 1 
17 7 
10 0 
10 0 
3 3 

12 2 
5 5 
7 7 
0 0 

10 0 
16 6 
7 7 
0 0 
3 3 

10/23 3 9/11 1 



Her-2Her-2 and Topolla overexpression and amplification- response to HD-CT 

Alll  patients (n=31) HER-2 amplified HER-2 non-amplified 

HER-2=0 0 
HER-2=1+ + 
HER-2=2+ + 
HER-2=3+ + 

0 0 
0 0 
2 2 

10 0 

13 3 
5 5 

1 1 

0 0 

TableTable 2. IHC for HER-2 versus CISH for HER-2 

Sixteenn of the 59 patients had a positive IHC (>10% of the nuclei) for Topo 2a in the nuclei of 
thee tumors. Only five of these tumor also showed Topo 2a amplification and all these tumors 
showedd HER-2 amplification. This indicates that 36% of the HER-2 amplified tumors also 
showedd Topo 2a amplification. There was no correlation between Topo 2a with IHC and Topo 
2aa gene copy number assessed with CISH (Figure 1), although 16 of 18 patients with a 
negativee IHC showed a normal copy number with CISH. Six patients had both HER-2 and 
Topoo 2a overexpression with IHC staining and five patients had both HER-2 and Topo 2a 
amplificationn with the CISH method. 

Lackk of re la t ionsh ip be tween IHC and CISH fo r Topo l l 

100 20 30 40 

percentagee of positive staining cells (IHQ 

50 0 

FigureFigure 1. Lack of correlation between IHC and CISH for Topo 2a 
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ResponseResponse to chemotherapy 
ResponseResponse to FEC 
Dataa of response are summarized in Table 3 and 4. A total of 39 (66%) patients achieved a 
partiall  (PR) (46%) or complete (CR) (20%) response after FEC chemotherapy. Thirty-seven of 
thesee patients and 12 patients with stable disease (SD), minimal response (MR) or no 
evaluablee (NE) disease proceeded to high-dose chemotherapy. 
Theree was no significant relationship between response to FEC and HER-2 or Topo 2a status, 
assessedd by IHC or CISH (Table 3,4), but it is remarkable that four of the five patients with 
TopoTopo 2a amplification had CR or PR and in the group without amplification 16 of the 25 
patientss (64%). 

ResponseResponse to CTC 

Twenty-fourr patients of these 49 patients ( 49% of all patients) had a complete and 13 (27%) 
patientss had a partial remission after high-dose chemotherapy. Seventeen of the 26 (65%) 
patientss with a partial remission after FE120C courses converted to a complete response after 
tCTCC courses. There was no relation between CTC response and HER-2 or Topo 2a status, 
assessedd by IHC or CISH (data not shown). 

HER-22 FECresponse1 

CR/PRR SD NE PD 
CISH<55 gene copies (n=21) 13 4 2 2 
CISH>55 gene copies (n= 12) 10 2 
CISH>55 gene copies or 12 4 1 
IHC>3+(n=17) ) 

TableTable 3. HER-2 and response to FEC in transplanted and non-transplanted patients 

Topoo 2a FECresponse 
CR/PRR SD NE PD 

CISH<55 gene copies (n=25) 16 5 2 2 
CISH>55 gene copies (n=5) 4 1 
CISH>55 gene copies or 25 8 2 3 
IHC>10%% (n=38) 

TableTable 4. Topo 2a and response to FEC in transplanted and non-transplanted patients 

11 CR=complete response, PR=partial response, SD=stable disease, NE =non evaluable, PD-progressive disease 
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SurvivalSurvival analysis 
Att the time of this analysis, the median follow-up duration in all patients was 27 months 
(rangee 2-87). Twenty (34%) of the 59 patients were still alive, of whom 11 (19%) with no 
evidencee of disease. All patients with no evidence of disease had received HD-CT. At 4 years 
afterr treatment, overall survival (OS) was 34.7% (95% confidence interval (ci) : 22.0-47.3 ) 
andd progression-free survival was 19.9% (95% ci: 9.1-30.2), in the overall patient group and 
35.4%% (95% ci: 21.3-49.5) and 24% (95% ci: 11.3-36,1), respectively, in the group treated 
withh HD-CT. The median overall survival was 32 (95% ci: 22.8-48) months and the median 
progression-freee survival was 13.9 (95% ci: 11.9-18.3) months for the patients receiving high-
dosee chemotherapy. There was no difference in overall and progression-free survival between 
thee patients with and without HER-2 overexpression or amplification (Figure 2,3). There was 
alsoo no difference between the patients with and those without Topo 2a overexpression or 
amplification. . 

Univariatee analysis was done to determine predictive factors for PFS and OS. Covariates 
included:: local treatment after HD-CT, menopausal status, age, prior chemotherapy, prior 
hormonall  therapy, sites of metastases, differentiation grade of the tumor, estrogen and 
progesteronee receptors, HER-2, Topo 2a and oligometastatic disease. Only the possibility of 
locall  treatment (defined as resection or local radiotherapy) reached significance for overall 
survivall  (hazard ratio 0.49, p=0.05, [95% ci: 0.24-1.00]) and the presence of bone metastases 
forr both overall and progression-free survival (hazard ratios 2.28 and 2.04, p=0.021, [95% ci: 
1.13-4.61]]  andp=0.032, [95 % ci: 1.06-3.91], respectively). 

Long-termLong-term survival 
Inn our previous study of multiple course HD-CT in patients with metastatic breast cancer [31 ] 
long-termm survival was seen in patients with oligometastatic disease with the possibility of 
locall  treatment. In this study, 11 of the 59 patients had no evidence of disease (NED). The 
characteristicss of these patients are shown in Table 5. It is remarkable that all these tumors 
weree estrogen receptor (ER) negative and only two were progesterone receptor [PR] positive. 
Althoughh the group was very small, this difference was even significant in the Pearson Chi-
squaree test. This is in part this is due to the inclusion criteria which required hormone receptor 
negativityy or failure after hormone therapy, but in the remaining 48 patients 16 tumors were 
ERR positive. All patients with NED had only one or two sites of metastases, and in eight of the 
patientss local relapse or supra or subclavicular lymph nodes were the sites of relapse. In the 
groupp without long term survival 16 of the 48 patients had a local relapse and there were more 
viscerall  metastases in this group. The HER-2 and Topo 2a status was not significantly 
differentt between the patients with and without evidence of disease. 
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Noo evidence of Other 
diseasee (n=ii) (n=48) 

Exactt  P Odds ratio 
Chi-squaree (ci1) 

High-dosee chemotherapy 
Hormonee receptor 

> > 
• • 
> > 
• • 

HER-2 2 
> > 
• • 
> > 
• • 
• • 

Estrogenn receptor (ER) + 
ER--
Progesteronee receptor(PR) + 
PR--

IHC>10% % 
IHC<10% % 
CISHH (5 or more genecopies) 
CISHH (<5 gene copies) 
CISHH unknown 

Topoo 2a 

> > 
• • 
> > 
• • 
• • 

IHC>10% % 
IHC<10% % 
CISH(55 or more gene copies) 
CISHH (<5 gene copies) 
CISHH unknown 

Sitee of metastases 
• • 
• • 

• • 
• • 
• • 

Onee or two sites of metastases 
Locall relapse or supra or 
subclavicularr lymphnodes 
Bone e 
Liver r 
Lung g 

11 1 

0 0 
10 0 
2 2 
6 6 

3 3 
8 8 
3 3 
4 4 
4 4 

4 4 
7 7 
1 1 
6 6 
4 4 

11 1 
8 8 

1 1 
1 1 
1 1 

38 8 

15 5 
31 1 
11 1 
27 7 

14 4 
34 4 
8 8 
15 5 
25 5 

12 2 
36 6 
2 2 
21 1 
25 5 

39 9 
28 8 

19 9 
9 9 
10 0 

0.183 3 

0.048 8 

1.000 0 

1.000 0 

0.679 9 

0.47 7 

0.545 5 

0.186 6 
0.09 9 

0.08 8 
0.45 5 
0.43 3 

na" " 

na a 
na a 

0.822 (0.07-5.6) 
na a 

0.911 (0.14-0.68) 
na a 
na a 
na a 
na a 

1.711 (0.31-8.19) 
na a 
na a 
na a 
na a 

na a 
3.55 (0.74-18,4) 

0.155 (0.0-1.26) 
0.388 (0.01-3.35) 
0.34(0.01-1.26) ) 

ci=confidencee interval 
na=nonn applicable 
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FigureFigure 2. Progression-free survival curve -patients treated with HD-CT 

Hff r-2 Negative i 

Her-22 Positive 

35 5 

12 2 

0 0 

28 8 

11 1 

6 6 

22 2 

7 7 

12 2 

14 4 

4 4 

18 8 

10 0 

4 4 

24 4 

99 9 

44 3 

300 36 

Monthss from start FEC 

55 Her-2 Negative 

11 Her-2 Positive 

Progressionn free survival in patients who received at least one course of HD-CT 
P-valuee Logrank for Progression free survival=0.973. 

FigureFigure 3. Overall survival curve -patients treated with HD-CT 

Overalll Survival Curve for hdct group 

Her-22 Negative \L 

Her-22 Negative 
Her-22 Positive 

Monthss from start FEC 

Overalll  survival in patients who received at least one course of HD-CT 
P-valuee Logrank for Overall survival=0.917. 
HER-22 negative means 0 or I + in IHC, or CISH- if IHC 2+ 
HER-22 positive means 3+ in IHC or 2+ in IHC if CISH+ 
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Discussion n 

HD-CTT has shown to be able to achieve long-term disease-free survival or even cure in a 
minorityy of patients. In this study we retrospectively analyzed if HER-2 or Topo 2a expression 
orr amplification in the tumor can be helpful in identifying patients that are likely to respond. 
Thee large Dutch National Randomized study [30] has shown that patients with HER-2 
negativee tumors benefited more from adjuvant high-dose alkylating chemotherapy than 
patientss with HER-2 positive patients and it may be well possible that the same is true for the 
(oligo)metastaticc setting. Therefore, we determined the relation of HER-2 and Topo 2a 
overexpressionn and amplification with outcome and response to FEC and alkylating HD-CT in 
599 patients with metastatic breast cancer who had been included in studies that incorporated 
FECC and high-dose alkylating chemotherapy. We did not find a difference in PFS and OS for 
patientss with or without HER-2 or Topo 2a overexpression or amplification in this patient 
group.. To be significant, the association had to be very strong, and obviously this small group 
off  patients was likely to be too small. Another interesting point is that in our HD-CT studies 
wee used responsiveness to anthracyclin induction therapy as a selection criterion for 
proceedingg to HD-CT. The question is whether this procedure selects relatively more HER-2 
positivee tumors for HD-CT, as the data in the literature suggest that HER-2 positive tumors 
mayy respond better to anthracyclines [15,16,17], Conceivably, by selecting based on 
anthracyclinn response, we could select the HER-2 positive patients, who probably do not 
benefitt from HD-CT. This appears not to be the case, as in the overall group of 59 patients, 17 
patientss (29%) had tumors with HER-2 amplification and in the 48 patients proceeding to HD-
CTT 12 patients (25%). This is consistent with data of the literature, indicating that 20-30% of 
thee breast tumors have HER-2 amplification. We found no increased remission rates to 
anthracyclinss in the HER-2 and Topo 2a positive patient groups. In theory, this could have 
beenn the case as it has been suggested that some of the benefit of anthracyclins in HER-2 
positivee tumors is mediated by concomitant amplification of Topo 2a gene, which is located 
adjacentlyy to HER-2 at chromosome region 17ql2-q21 [21,34], HER-2 amplification is not 
alwayss accompanied by overexpression of Topo 2a, but sometimes also by deletion [21] of the 
TopoTopo 2a gene. Therefore, we also studied the correlation between Topo 2a and HER-2 
overexpressionn and/or amplification with the responses to FEC and HD-CT in this patient 
group.. Overexpression was assayed by IHC and amplification by CISH. An increased number 
off  gene copies (amplification) is considered the golden standard for HER-2 positivity and most 
studiess have used the FISH technique for this purpose [17,21,35,36,38,40]. CISH is a novel 
lesss time-consuming technique using a IHC-like peroxidase reaction which can be done with 
thee standard equipment of a pathology laboratory. Consistent with the data in the literature 
[37],, all tumors in our study that were HER-2 3+ with IHC showed HER-2 gene amplification, 
andd 40% of the tumors that were HER-2 2+ tumors showed HER-2 amplification. Topo 2a 
amplificationn was rare (only in five tumors in the whole patient group), and it was exclusively 
seenn in patients with HER-2 amplification. This supports the assumption that the evolution 
processs of the tumor has not included selection for Topo 2a amplification, but rather for 
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amplificationn of HER-2 which may at times lead to co-amplification of Topo 2a. In contrast to 
thee strong relationship between IHC and CISH for HER-2, we found no relation at all between 
amplificationn and overexpression with Topo 2a. This is consistent with the study of Coon et al. 
[38]]  in patients with locally advanced breast cancer, where no correlation between 
overexpressionn and amplification of Topo 2a could be found. This disparity can be declared by 
thee fact that Topo 2a is also a proliferation marker and the expression level is dependent on the 
proliferatee activity of the tumor cell. 
Parkk et al. [37] also used CISH for determination of HER-2 and Topo 2a amplification in 
locallyy advanced breast cancer and found an increased response to preoperative doxorubicin 
therapyy in patients (18 of the 19 patients) with tumors with coamplification of HER-2 and 
TopoTopo 2a and a decreased response rate (17/36) without amplification. An intermediate 
responsee rate was seen in the patients with tumors with only HER-2 amplification (9/12). 
Threee other recent studies studied both overexpression and/or gene copy number of HER-2 
andd Topo 2a in locally advanced breast cancer (LABC) [38,39] and in patients with node-
positivee breast cancer [17] and all showed a positive association between coamplification of 
thesee genes and response to anthracyclin treatment. Until now, no studies of Topo 2a and 
responsee to HD-CT in primary or metastatic breast cancer have been published. Two studies 
havee evaluated the relationship of HER-2 with response to HD-CT in metastatic breast cancer. 
Harriss et al. [40] retrospectively studied HER-2 with IHC and FISH in 205 patients treated 
withh HD-CT for metastatic breast cancer, and as in our study, they found no relationship 
betweenn outcome of HD-CT and HER-2 overexpression and amplification. In contrast, Nieto 
ett al. [24] showed that HER-2 overexpression was a strong negative predictive factor for 
survivall  in stage IV oligometastatic breast cancer patients treated with HD-CT. We did not 
findfind such a relationship in this small study. The study had too few Topo 2a positive patients to 
alloww a meaningful analysis of the relation of Topo 2a with response or outcome. 
Inn the univariate analysis we found that the presence of oligometastatic disease (defined as 
limitedd disease with the possibility of local treatment [41]), was a favorable factor for overall 
andd progression-free survival. This is consistent with the literature of conventional and high-
dosee chemotherapy [4,5]. Most of the eleven patients with long-term progression-free survival 
hadd oligometastatic disease (predominantly local relapses, locoregional lymphnodes) with 
possibilityy of local treatment. It is remarkable, although not a significant difference, that the 
tumorss of these patients were all ER negative and only two were PR positive. 
Itt is important to note that our study was small and had insufficient power to state that HD-CT 
iss independent of HER-2 and Topo 2a amplification or expression. The resistance of HER-2 
positivee tumors for alkylating high-dose chemotherapy has been shown convincingly in 
previouss studies and we must regard the present one as non-conclusive in this respect. 
Thiss study does not suggest that the selection for HD-CT by documenting responsiveness to 
inductionn anthracyclin-based chemotherapy leads to an inappropriate patient selection by 
selectingg the Topo 2a and hence the HER-2 positive patients. Remission-induction therapy 
withh an anthracyclin containing regimen remains a reasonable treatment option, also in the late 
intensificationn setting with high-dose alkylating chemotherapy. The factors important for more 
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appropriatee selection of patients for HD-CT must be studied in the future with the novel 
techniquess such as mRNA expression profile analysis. 
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Everyy year, over 11,000 women are diagnosed with breast cancer in the Netherlands. The 
majorityy of these patients will achieve long term survival (curation) by surgery, usually in 
combinationn with radiotherapy, systemic chemotherapy and/or hormonal therapy. When 
distantt metastases occur, the disease is considered incurable. Breast cancer is a chemotherapy 
sensitive-diseasee and high-dose chemotherapy (HD-CT) has been employed as a strategy to 
achievee cure or long-term survival in patients with advanced disease. Although the results of 
thee first randomized studies in advanced breast cancer have shown that the majority of patients 
havee been treated with this therapy without achieving long-term survival, there are indications 
thatt a limited subgroup of patients with advanced disease can benefit of this approach. The 
toxicityy of high-dose chemotherapy has decreased appreciably in the past few years, mainly 
duee to the use of growth-factors, peripheral blood progenitor cells (PBPC) and better 
supportivee care, but it clearly continues to be a toxic treatment modality. Consequently, it is 
cruciall  to identify predictive factors which make it possible to select the patients that will 
benefitt from HD-CT. Several studies have reported prognostic and predictive factors for 
benefitt of HD-CT in metastatic breast cancer patients. Most studies agree that limited disease, 
goodd clinical condition, younger age and responsiveness to conventional-dose chemotherapy 
aree favourable factors. Analyses of data of the European Bone Marrow Transplantation 
(EBMT)) registry of patients treated between 1990-1999 with HD-CT followed by autologous 
haematopoieticc stem cell transplantation for breast cancer showed a 5-years progression-free 
survivall  (PFS) of 18% and an overall survival (OS) of 27% in the whole cohort and a 5-years 
PFSS of 29% for women transplanted in complete remission. 
Inn this thesis, the clinical course and potential predictive factors for response are examined in 
patientss receiving HD-CT for advanced or locally advanced breast cancer in the Netherlands 
Cancerr Institute. 

Inn chapter  1, an overview of the available literature and a description of the principles of 
high-dosee chemotherapy are given. 
Thee literature on dose intensive chemotherapy in locally advanced breast cancer is reviewed in 
chapterr  2. Dose intense chemotherapy prior to surgical treatment is effective in down-staging 
thee tumour in order to make breast conserving surgery possible, even for larger tumour sizes. 
Althoughh multimodality therapy has improved survival in patients with locally advanced 
breastt cancer, many tumours relapse and since many patients still have microscopic disease at 
timee of macroscopic remission, new therapeutic approaches focus on additional treatment of 
micrometastases. . 
Chapterr  3 describes an update of the survival and an evaluation of the relation between 
outcomee and pathology findings in a randomized phase II trial in patients with operable breast 
cancerr with extensive lymph node involvement. In this study 97 patients received three FE120C 
coursess (5- fluorouracil 500 mg/m2, epirubicin 120 mg/m2, cyclophosphamide 500 mg/m2) 
followedd by surgery, and 81 patients were randomized to receive either a fourth FE120C course 
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alonee or a fourth FEC course followed by a single course of HD-CT with autologous PBPC. 
Afterr a median follow-up of almost 7 years, there was no difference in overall or disease-free 
survival,, although less relapses occurred after high-dose therapy. Several prognostic factors 
weree analyzed (age, clinical T-stage, pathological T-stage after chemotherapy, the number of 
positivee axillary lymph nodes, oestrogen (ER) and progesterone receptor (PR), Her-2/neu, p53, 
histologicall  grade, clinical response, and pathological response). Only the number of positive 
axillaryy lymph nodes (following induction chemotherapy) and clinical T-stage before 
chemotherapyy were significant prognostic factors for OS. The same factors and the ER were 
borderlinee significant prognostic factors for PFS. 
Inn chapter  4, the results are described of a phase II study of three consecutive courses of high-
dosee chemotherapy, 'tiny CTC' (tCTC, containing two thirds of the dosage of a standard CTC 
course:: cyclophosphamide, thiotepa and carboplatin) in advanced breast cancer. In this study, 
411 patients with metastatic breast cancer were enrolled to determine efficacy and toxicity of 
thee following treatment sequence: two courses of FEI2QC, the second of which was followed 
byy PBPC harvesting, and subsequently three courses of tCTC. Thirty-three of the 41 patients 
receivedd a total of 86 'tiny CTC' courses. The major toxicity, besides myelotoxicity, consisted 
off  hemorrhagic cystitis (six patients), prolonged gastro-intestinal toxicity (three patients) and 
veno-occlusivee disease of the liver (two patients). There was one therapy-related death of 
unknownn cause. 
Twentyy (49%) patients achieved a complete, nine (22%) a partial response and three patients 
stablee disease (7%) after the high-dose treatment. At 4 years, the PFS and OS for the whole 
patientt group were 23 and 30%. The results were better in the FEC-responsive patient-group, 
withh median PFS and OS of 32 and 36% respectively. In the patient-group with a PFS longer 
thann 18 months, all patients had limited disease (defined as metastatic disease in only one or 
twoo sites) and fewer patients had bone or liver metastases compared to the overall patient 
groupp (33 vs. 51%). 
Thiss study showed that three courses of tCTC are feasible, with acceptable toxicity and the 
potentiall  to achieve complete or partial remission and even long-term PFS in a subgroup of 
patientss with limited metastatic disease, which had responded to conventional dose induction 
chemotherapy. . 
Inn chapter  5, our findings are evaluated in relation to a study of Porrata et al., who reported a 
retrospectivee analysis of the absolute lymphocyte count (ALC) in 29 patients treated with HD-
CTT followed by PBPC for metastatic breast cancer. These investigators found that an ALC of 
equall  or more than 500 cells/ul on day 15 post PBPC predicted a significantly better overall 
(OS)) and disease-free survival (DFS). We retrospectively studied a quite similar group of 41 
patientss with hormone-refractory metastatic breast cancer treated in the phase II study 
describedd in chapter 3. We also analyzed lymphocyte counts before the start of the 
chemotherapy,, because we could not exclude that patients with a lower lymphocyte count at 
dayy 15 already had a lower lymphocyte count to begin with. Thirty-three of the 41 patients 
receivedd HD-CT. There was no significant difference between the survival curves of the 
patientss with an ALC below or over 500 cells/ul at day 15 post PBPC. We also analyzed the 

145 5 



ChapterChapter 9 

associationn with outcome of (i) the ALC count before start of induction chemotherapy, (ii) 
beforee HD-CT and (iii ) at day 29 post PBPC. No significant relation was seen. Our study was 
small,, however, and may lack the statistical power to detect smaller differences, if these 
shouldd indeed exist. 
Becausee of recent developments in hormonal and cytotoxic treatment, there are increasing 
possibilitiess for palliative treatment in patients with metastatic breast cancer. Most patients do 
relapsee after HD-CT and if palliative chemotherapy was less effective and/or more toxic after 
HD-CT,, this would reduce the treatment possibilities and this could therefore reduce the 
survivall  rate and the quality-of-life. The toxicity of the full dose high-dose chemotherapy CTC 
regimenn is described in chapter  6. CTC has been shown to be able to improve the PFS when 
addedd to standard adjuvant therapy in patients with high-risk breast cancer and therefore the 
regimenn has been selected for several high-dose chemotherapy studies in and outside the 
Netherlands.. In this study we describe the immediate and long-term toxicity of the first 100 
CTCC courses (cyclophosphamide 6000 mg/m2, thiotepa 480 mg/m2, carboplatin 1600 mg/m2 
followedd by PBPC) in the Netherlands Cancer Institute. Most patients had high risk (n=86) or 
metastaticc (n=4) breast cancer, eight patients had a germ cell tumour, one had a 
medulloblastomaa and one an aesthesioneuroblastoma. Unsurprisingly, the main toxicity was 
bonee marrow suppression. Most patients had PBPC transplantation followed by granulocyte-
colonyy stimulating factor (GCS-F) and the median times to a neutrophil count of over 
500xl06/ll  and to platelet transfusion independence were 10 days (range 8-25) and 13 days 
(rangee 8-60), respectively. The therapy-related death rate was 1%. Neutropenic fever, bleeding 
episodess and gastro-intestinal toxicity were the most frequent toxicities. Six patients had 
reversiblee cardiac toxicity and seven patients had a pulmonary event (six patients had a 
pneumoniaa and one patient pulmonary embolism). We conclude that treatment with the high-
dosee CTC regimen is associated with moderate and reversible toxicity, which is acceptable in 
comparisonn with that of several other regimens employed for this purpose. 
Thee most frequent late complication of the radiotherapy after HD-CT was radiation 
pneumonitis,, reversible in all patients after treatment with prednisone. In the follow-up, five 
secondd malignancies (two melanomas, one squamous cell carcinoma, one basal cell carcinoma 
(alll  in the skin) and one mixed müllerian tumour of the ovary) were seen. Two patients were 
diagnosedd with myelodysplasia, (in retrospect, one of these patients already had this disease 
beforee HD-CT). 
Antitumourr immunity may play a role in controlling minimal residual disease. It is therefore 
importantt to study cellular immunity after HD-CT, as a protracted recovery of te immunity 
couldd lead to a defective control of minimal residual disease. 

Inn chapter  7, an analysis is presented of all patients treated with chemotherapy for recurrence 
orr progression of breast cancer after HD-CT. We studied 148 patients who had received HD-
CTT for primary or metastatic breast cancer. In this patient-group, 79 patients had a relapse or 
progressivee disease and 41 of these patients were treated with palliative chemotherapy. The 
mostt commonly used regimens were CMF (cyclophosphamide, methotrexate, 5-fluorouracil) 

146 6 



Summary Summary 

andd docetaxel. Both regimens were associated with acceptable toxicity. The highest response 
ratee was seen for docetaxel (69%) , but CMF also had a reasonable objective response rate of 
23%.. We conclude that palliative chemotherapy after HD-CT for metastatic breast cancer is 
bothh effective and safe. 
Inn chapter  8 we studied the relation between amplification and overexpression of HER-2 and 
Topo-isomerasee II alpha (Topo2A) and response to chemotherapy and survival in stage IV 
(metastatic)) breast cancer. HER-2 is a transmembrane tyrosine-kinase receptor and its 
overexpressionn is the result of HER-2 amplification. There is strong evidence that the HER-2/ 
amplificationn in tumours results in a worse prognosis, but a dose-dependent favourable 
responsee to anthracyclines has also been documented. The assumption is that this relative 
anthracyclinn sensitivity is mediated by co-amplification of the Topo 2a gene together with the 
HER-22 gene, a result of their proximity on chromosome 17. Topo 2a is a key enzyme in DNA-
replicationn and a well-documented target for anthracyclines. Several studies have already 
shownn that HER-2 amplification is a negative predictor for the response to high-dose 
alkylatingg chemotherapy. We analyzed the HER-2 and Topo 2a overexpression with 
immunohistochemistryy (IHC) and the amplification with Chromogenic In Situ Hybridization 
(CISH)) in tumours of 59 patients treated with HD-CT for stage IV breast cancer. As suggested 
inn the literature, all tumours that were HER-2 3+ by IHC also showed amplification with 
CISH.. Only five tumours harboured excess copies of the Topo 2a gene and all of these also 
showedd Her-2/neu amplification. We did not find Topo 2a amplification in any of the HER-2 
negativee tumours, supporting the co-expression hypothesis. No obvious correlation was seen 
betweenn Topo 2a and HER-2 overexpression or amplification and the outcome in terms of PFS 
orr OS. There was also no clear relation with the response to the induction anthracyclin 
therapy.. We conclude that the previously suggested inverse relationship between HER-2 
amplificationn and treatment outcome is not sufficiently strong to be detected in this small 
retrospectivee study. 

Manyy papers have been written this last decade about the controversy of HD-CT in breast 
cancer.. At this time, it is clear that high-dose chemotherapy in metastatic breast cancer is not 
ass effective as hoped a decade ago. The prognosis of metastatic breast cancer remains poor. 
Thee data from seven randomized studies on HD-CT in advanced breast cancer have been 
published.. Overall survival was analyzed in only four, because the other studies had a cross-
overr design. In these four studies, overall survival was similar for HD-CT and standard-dose 
therapy,, but progression-free survival was improved in six of the seven trials. All studies were 
small,, and lacked the statistical power to detect small but important differences in overall 
survival.. Consequently, for a meaningful evaluation the meta-analyses have to be awaited. As 
metastaticc breast cancer is still incurable, delay of progression is important in metastatic 
disease. . 
Breastt cancer is a heterogenic disease and although it is clear that not all patients benefit, it is 
welll  possible that a subgroup of patients do benefit of dose intensive therapy. Recent data have 
shownn that younger age and HER-2 negativity are favourable factors for HD-CT in the 
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adjuvantt setting. The studies in this thesis suggest that HD-CT can induce long-term PFS in a 
subgroupp of patients: the patients with limited disease responsive to (induction) chemotherapy. 
HD-CTT can clearly be used for reducing the tumour load in these selected patients, but new 
treatmentt modalities must be developed to achieve control of the resulting minimal residual 
disease.. It is also possible that high-dose chemotherapy is only likely to succeed in cure in 
patientss with so-called 'oligometastatic disease', which refers to patients with metastatic 
diseasee in whom all macroscopic lesions can either be resected or irradiated. In this situation, 
thee chemotherapy only needs to eradicate microscopic disease, a task which has been shown to 
bee achievable in at least a part of the patients in the adjuvant setting. 
Inn conclusion, it is too early to reject the concept of HD-CT in metastatic breast cancer as the 
outcomee of metastatic breast cancer is poor and it is possible that a selected subgroup of 
patientss benefits of dose intensive chemotherapy. The problem to delineate this subgroup 
continuescontinues to be a major challenge in the curative treatment of breast cancer. 
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Dee diagnose borstkanker (mammacarcinoom) wordt per jaar bij meer dan 11000 vrouwen 
gesteld.. Het merendeel van deze patiënten bereikt langdurig ziektevrije overleving (genezing) 
doorr chirurgie, meestal in combinatie met bestraling (radiotherapie), chemotherapie en/of 
hormonalee therapie. De ziekte is meestal niet meer te genezen als sprake is van uitzaaiingen 
(metastasering)) buiten het locoregionale gebied van de oorspronkelijke tumor. In het algemeen 
iss borstkanker een ziekte die redelijk gevoelig is voor chemotherapie. Om die reden is 
geprobeerdd bij solide tumoren, naar analogie van de behandeling van hematologische 
aandoeningenn (leukemie, lymfomen), met hoge dosis chemotherapie (HD-CT) genezing of 
langee termijn overleving te bereiken. Het principe van de hoge dosis chemotherapie is om 
zoveell  mogelijk chemotherapie toe te dienen en daarmee de resistentie van tumorcellen tegen 
chemotherapiee te overwinnen en zo celdood te veroorzaken. Dit leidt ook tot groeiremming 
vann andere cellen, onder andere van de cellen in het beenmerg (myelosuppressie). Om dit op te 
vangenn worden beenmerg- of stamcellen van de patiënt zelf (autoloog) of van een donor 
(allogeen)) "geoogst" en deze worden teruggegeven nadat de patiënt behandeld is met hoge 
dosiss chemotherapie. Vroeger werd altijd beenmerg teruggegeven, maar met de komst van de 
groeifactorenn is het ook mogelijk om stamcellen afkomstig van het beenmerg te "oogsten" uit 
hett perifere bloed na een voorbehandeling met groeifactoren, met of zonder chemotherapie. 
Naa het verzamelen van de stamcellen worden deze ingevroren en bewaard tot ze aan de patiënt 
kunnenn worden teruggegeven (na de HD-CT). Hiermee is de tijdsduur van de onderdrukking 
vann het beenmerg (myelosuppressie) sterk verminderd en is de toxiciteit aan andere organen 
dee dosis beperkende factor geworden. 
Sindss het begin van de tachtiger jaren wordt hoge dosis chemotherapie al toegepast bij solide 
tumoren.. Initieel werden hoge remissie percentages gemeld, ook bij tumoren die niet meer 
reageerdenn op conventionele therapie (refractaire tumoren). Deze hoopvolle berichten in 
combinatiee met de komst van de groeifactoren, de mogelijkheid van stamceltransplantaties en 
dee betere ondersteunende zorg hebben er toe geleid dat de behandeling met hoge dosis 
chemotherapiee wijd verbreid werd toegepast, onder andere bij borstkanker, ook buiten studie 
protocollen.. Inmiddels zijn de resultaten van diverse studies bekend geworden en is duidelijk 
gewordenn dat de behandeling niet zo succesvol is als destijds werd gehoopt. 
Dee beste manier om het nut van zo'n nieuwe behandeling te onderzoeken is door middel van 
gerandomiseerdee studies. Nadat de patiënt uitgebreide informatie heeft ontvangen en heeft 
toegestemdd in deelname aan de studie ('informed consent'), wordt door loting bepaald of 
iemandd behandeld wordt met de conventionele behandeling (in dit geval de traditionele 
chemotherapie)) of de experimentele behandeling (in dit geval de hoge dosis chemotherapie). 
Hoewell  de resultaten van de eerste gerandomiseerde studies bij het gemetastaseerd 
mammacarcinoomm (= borstkanker die zich heeft verspreid naar andere organen) laten zien dat 
hett merendeel van de patiënten die behandeld zijn met hoge dosis chemotherapie geen langere 
overlevingg hebben, zijn er aanwijzingen dat een beperkte subgroep van de patiënten met 
gemetastaseerdee ziekte wel voordeel heeft van deze behandeling. De toxiciteit van hoge dosis 
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chemotherapiee is de laatste jaren aanzienlijk afgenomen, maar het blijf t een toxische 
behandeling.. Het is daarom van groot belang om de factoren te identificeren die het mogelijk 
makenn om voorafgaand aan de behandeling de patiënten te selecteren die baat hebben van een 
behandelingg met HD-CT. Verschillende studies hebben de mogelijk voorspellende factoren 
voorr een goede response op HD-CT bij het gemetastaseerde mammae arcinoom onderzocht en 
dee meeste studies vinden dat beperkt gemetastaseerde ziekte, goede klinische conditie, jonge 
leeftijdd en respons op conventionele chemotherapie gunstige factoren zijn. Analyse van 
gegevenss van de Europese beenmerg transplantatie registratie (European Bone Marrow 
Transplantationn registry (EBMT)) laat zien dat voor de patiënten die tussen 1990-1999 
behandeldd zijn met HD-CT gevolgd door autologe stamcel transplantatie wegens 
gemetastaseerdd mammacarcinoom een 5-jaars ziekte-vrije overleving van 18% en een algehele 
overlevingg van 27% kan worden bereikt. In de groep patiënten die getransplanteerd werden 
nadatt een complete remissie was bereikt (na de inductie-chemotherapie dwz dat er geen 
zichtbaree tekenen van borstkanker meer zijn bij lichamelijk en aanvullend onderzoek), werd 
eenn 5-jaars ziekte-vrije overleving gezien van 29%. In dit proefschrift werden het klinische 
beloopp van een behandeling met HD-CT en de potentiële voorspellende factoren voor een 
responsee op HD-CT onderzocht bij patiënten die voor een lokaal en/of op afstand 
gemetastaseerdd mammacarcinoom behandeld zijn met HD-CT in het Nederlands Kanker 
Instituutt te Amsterdam. 

Inn hoofdstuk 1 wordt een beschrijving gegeven van de principes van hoge dosis 
chemotherapiee en daarnaast wordt een overzicht gegeven van de beschikbare studies met HD-
CTT bij borstkanker, zowel voor de adjuvante situatie (aanvullende behandeling na curatieve 
chirurgie)) als voor gemetastaseerde ziekte. Hoofdstuk 2 geeft een overzicht van de literatuur 
betreffendee dosis-intensieve chemotherapie bij Locally Advanced Breast Cancer (LABC, 
borstkankerr die zich lokaal heeft uitgebreid buiten het gebied van de borst). Dosis-intensieve 
chemotherapiee voorafgaand aan chirurgie van de mamma, is in staat om de omvang en 
uitgebreidheidd van de tumor te verminderen ("down-staging") en zo borst-sparende chirurgie 
vakerr mogelijk te maken, ook voor grotere tumoren. Hoewel het toepassen van verschillende 
behandelingsstrategieën,, na of naast elkaar, de overleving van deze patiëntengroep sterk heeft 
verbeterd,, treedt er vaak progressie of een recidief op van het mammacarcinoom. Dit wordt 
waarschijnlijkk veroorzaakt doordat veel patiënten nog microscopische ziekte hebben, terwijl er 
macroscopischh een remissie van de tumor is. Nieuwe behandelingsstrategieën concentreren 
zichh dan ook op de aanvullende behandeling van microscopisch kleine uitzaaiingen die 
achterblijvenn na een behandeling. 
Inn hoofdstuk 3 worden de definitieve resultaten geanalyseerd van een gerandomiseerde fase II 
studiee bij patiënten met een operabel mammacarcinoom (met uitgebreide aantasting van de 
lymfklieren).. Tevens is bij deze patiënten de relatie tussen het resultaat van de behandeling en 
dee bevindingen van het microscopisch pathologisch onderzoek van de tumor geëvalueerd. 
Zevenennegentigg patiënten werden behandeld met drie FE120C kuren (5-fluorouracil 500 
mg/m2,, epirubicin 120 mg/m2, cyclophosphamide 500 mg/m2) gevolgd door chirurgie, en 81 
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patiëntenn werden gerandomiseerd voor ofwel alleen een vierde FE120C kuur, of een vierde 
FE12()CC kuur gevolgd door HD-CT met autologe stamceltransplantatie. Na een mediane 
follow-upp duur van bijna zeven jaar was er geen significant verschil in algehele of progressie-
vrijee overleving, hoewel er minder recidieven waren na HD-CT. In deze studie werden diverse 
mogelijkee prognostische factoren geanalyseerd (leeftijd, klinisch T stadium, pathologisch T 
stadiumm na chemotherapie, het aantal tumor-positieve lymfklieren in de oksel, de 
hormoonreceptorenn (de oestrogeen (ER) en progesteron receptor (PR), de HER-2-expressie, 
hett eiwit p53, de histologische graad, en de klinische en pathologische respons). Alleen het 
aantall  lymfklieren in de oksel dat nog tumorcellen bevatte na inductie chemotherapie en het 
klinischh T stadium voor de chemotherapie waren significante prognostische factoren voor 
algehelee overleving. Dezelfde factoren en de oestrogeen receptor waren bijna significante 
prognostischee factoren voor de progressievrije overleving. 
Inn hoofdstuk 4 wordt het resultaat beschreven van een fase II studie met drie 
achtereenvolgendee kuren hoge dosis chemotherapie, 'tiny CTC' (tCTC, bestaande uit twee-
derdee van de dosis van de standaard CTC kuur: cyclofosfamide, thiotepa and carboplatin) bij 
patiëntenn met een gemetastaseerd mammacarcinoom. In deze studie werd bij 41 patiënten de 
effectiviteitt en toxiciteit van het volgende behandelingsschema geëvalueerd: twee kuren 
FE120C,, waarvan de tweede kuur werd gebruikt voor het oogsten van stamcellen, gevolgd door 
driee kuren tCTC, elk gevolgd door teruggave van autologe stamcellen. Drieëndertig van de 41 
patiëntenn ontvingen in totaal 86 tCTC kuren. De belangrijkste bijwerkingen waren naast 
myelosuppressie,, hemorrhagische cystitis (bloederige ontsteking van de blaaswand, 
gediagnosticeerdd bij zes patiënten), langdurige gastro-intestinale toxiciteit (drie patiënten) en 
'veno-occlusivee disease' (afwijking aan de kleine bloedvaatjes in de lever, gediagnosticeerd 
bijj  twee patiënten). Eén patiënt overleed, waarschijnlijk als gevolg van de therapie, maar een 
duidelijkee doodsoorzaak kon niet worden vastgesteld. 
Twintigg patiënten (49%) hadden een complete, negen patiënten (22%) een partiele response en 
driee patiënten stabiele ziekte (7%) na HD-CT. Na vier jaar was de algehele en ziektevrije 
overlevingg voor de gehele groep 23 en 30%. De resultaten waren beter in de groep patiënten 
diee respondeerden op de FEC inductie kuren, met een mediane progressie-vrije (PFS) en 
algehelee overleving (OS) van respectievelijk 32 en 36%. In de patiënten groep met een PFS 
langerr dan 18 maanden hadden alle patiënten beperkt gemetastaseerde ziekte (gedefinieerd als 
uitzaaiingenn in een of twee organen) en minder vaak bot of lever metastasen in vergelijking 
mett de gehele patiënten groep (33 vs. 51%). De studie laat zien dat dit behandelschema met 
driee kuren tCTC een acceptabele toxiciteit heeft met de potentie om een langdurige complete 
remissiee te bewerkstelligen in de subgroep van patiënten met beperkt gemetastaseerde ziekte 
diee een response hebben op conventionele inductie chemotherapie. 
Eenn immuunreactie tegen de tumor zou een rol kunnen spelen bij de controle van minimale 
hoeveelheidd achtergebleven ziekte (minimaal residuale ziekte). Het is belangrijk de cellulaire 
immuniteitt na HD-CT te bestuderen, omdat vertraging in het herstel van de cellulaire 
immuniteitt in theorie zou kunnen leiden tot een verminderde controle van de minimale 
residualee ziekte. 
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Inn hoofdstuk 5 worden onze resultaten met betrekking tot de cellulaire immuniteit vergeleken 
mett de studie van Porrata et al. Deze retrospectieve studie van 29 patiënten, die behandeld zijn 
mett HD-CT gevolgd door autologe stamcel transplantatie voor een gemetastaseerd 
mammacarcinoom,, laat zien dat een absoluut lymfocytengetal van meer dan 500 cellen per u.1 
opp dag 15 na stamceltransplantatie een voorspellende factor was voor een significant betere 
algehelee en progressie-vrije overleving. We bekeken retrospectief een soortgelijke groep van 
411 patiënten met een hormoon-refractair gemetastaseerd mammacarcinoom, die behandeld 
warenn in een fase II studie (deze studie wordt in hoofdstuk 3 beschreven). We analyseerden bij 
dezee groep eveneens het aantal lymfocyten voor de start van de chemotherapie, omdat het 
mogelijkk is dat de patiënten met een lager lymfocytengetal op dag 15 al voor de start van de 
chemotherapiee een lager lymfocytengetal hadden. Bij drieëndertig van de 41 patiënten werd 
HD-CTT toegediend. Er was geen significant verschil tussen de overlevingscurven van 
patiëntenn met een absoluut lymfocyten getal op dag 15 van groter of kleiner dan 500 cellen/ul 
Analysee van de relatie tussen absoluut lymfocyten aantal voor start van de inductie 
chemotherapie,, voor de hoge dosis chemotherapie, op de 29e dag na transplantatie en 
overlevingg liet geen significante verbanden zien. Onze studie is echter klein en het is mogelijk 
dat,, indien er wel kleine verschillen zouden bestaan, deze niet worden gevonden. 
Opp grond van de eerdere studies wordt het CTC schema tegenwoordig gebruikt in 
verschillendee studies in en buiten Nederland. Het is dus van belang om de vroege en late 
toxiciteitt van dit schema goed te kennen. In hoofdstuk 6 wordt de directe en late toxiciteit 
beschrevenn van de eerste 100 CTC kuren die zijn toegediend in het Nederlands Kanker 
Instituutt te Amsterdam (met de volledige dosis: Cyclophosphamide 6000 mg/m2, Thiotepa 
4800 mg/m2, Carboplatin 1600 mg/m2, gevolgd door perifere autologe stamcel transplantatie). 
Dee meeste patiënten hadden een hoog-risico mammacarcinoom (dat wil zeggen dat er op 
grondd van de kenmerken van de tumor een grote kans is dat de ziekte later recidiveert) (n=86) 
off  een gemetastaseerd mammacarcinoom (n=4). Acht patiënten hadden een kiemceltumor, één 
patiëntt een medulloblastoom en één een aesthesioneuroblastoom. Zoals verwacht was 
beenmergdepressiee de belangrijkste toxiciteit. Het grootste deel van de patiënten werd 
behandeldd met perifere stamceltransplantatie gevolgd door granylocyte-colony stimulating 
factorr (G-CSF), een groeifactor voor met name de neutrofiele granulocyten (een subgroep van 
dee witte bloedcellen die betrokken zijn bij de afweer tegen bacteriën) totdat er herstel was van 
dee witte bloedcellen. De mediane tijd tot het herstel van de neutrofiele granulocyten tot boven 
dee 500xl06/l en het onafhankelijk zijn van een bloedplaatjes transfusie waren respectievelijk 
100 dagen (range 8-25) en 13 dagen (range 8-60). De therapie gerelateerde sterfte was 1%. De 
meestt frequente toxiciteit bestond uit koorts tijdens de periode van beenmerg onderdrukking, 
bloedingenn en klachten van misselijkheid, braken en/of diarree. Zes patiënten hadden 
reversibelee cardiale toxiciteit (schade aan het hart) en zeven hadden pulmonale bijwerkingen 
(zess patiënten hadden een pneumonie (longontsteking) en één patiënt een longembolie). De 
conclusiee is dat behandeling met het CTC regime als HD-CT in vergelijking met andere 
regimess gepaard gaat met een acceptabele, meestal reversibele toxiciteit. De meest 
voorkomendee late complicatie van radiotherapie na HD-CT was radiatie pneumonitis 
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(ontstekingsbeeldd van de long, samenhangend met de radiotherapie), reversibel in alle 
patiëntenn na behandeling met corticosteroïden. In de follow-up periode werd bij vijf patiënten 
eenn tweede kwaadaardige aandoening gediagnosticeerd (twee melanomen, één 
plaveiselcelcarcinoomm van de huid en een mixed müllerian tumor van het ovarium). Bij twee 
patiëntenn werd een myelodysplasie gediagnosticeerd (in retrospectie had een van deze 
patiëntenn reeds myelodysplasie voor start van HD-CT). 
Doorr de recente ontwikkelingen van de hormonale en cytotoxische therapie, zijn de 
mogelijkhedenn van een palliatieve behandeling voor patiënten met een gemetastaseerd 
mammacarcinoomm toegenomen. Het merendeel van de patiënten krijgt een recidief na 
behandelingg met HD-CT. Als palliatieve therapie na HD-CT minder effectief of meer toxisch 
zouu zijn, zou dit de behandelingsmogelijkheden beperken en daardoor de overleving en 
kwaliteitt van leven kunnen verminderden.In hoofdstuk 7 wordt een analyse gepresenteerd van 
allee patiënten die behandeld zijn met palliatieve chemotherapie wegens een recidief 
mammacarcinoomm na HD-CT. We hebben 148 patiënten geanalyseerd die behandeld zijn met 
HD-CTT wegens een primair of gemetastaseerd mammacarcinoom. Negenenzeventig patiënten 
uitt deze groep kregen een recidief of progressieve ziekte en 41 van deze patiënten werden 
behandeldd met palliatieve chemotherapie. De meest gebruikte chemotherapie schema's waren 
CMFF (cyclophosphamide, methotrexaat, 5-fluorouracil) en docetaxel. Beide regimes gingen 
gepaardd met een acceptabele toxiciteit. Het hoogste response-percentage werd gezien voor 
docetaxell  (69%), maar CMF had ook een objectief response-percentage van 23 %. De 
conclusiee is dat palliatieve chemotherapie na HD-CT veilig en nog relatief effectief is. 
Inn hoofdstuk 8 wordt de relatie tussen amplificatie en overexpressie van HER-2 en Topo-
isomerasee II alpha (Topo 2a) geanalyseerd en tevens onderzocht of er een relatie is tussen 
HER-22 en Topo 2a en de respons op chemotherapie en overleving bij het gemetastaseerd 
mammacarcinoom.. HER-2 is een eiwit dat functioneert als tyrosine-kinase receptor en de 
overexpressiee van het eiwit is het gevolg van amplificatie van het HER-2 gen dat codeert voor 
hett receptor eiwit. Er zijn sterke aanwijzingen dat HER-2 amplificatie in tumoren geassocieerd 
iss met een slechte prognose, maar er is wel een dosis afhankelijke respons op anthracycline 
bevattendee chemotherapie schema's. De veronderstelling is dat deze relatieve anthracycline 
gevoeligheidd ontstaat door co-amplificatie van het Topo 2a gen samen met het HER-2 gen, als 
gevolgg van het feit dat deze genen dicht bij elkaar liggen op chromosoom 17. Topo 2a is een 
sleutelenzymm in de replicatie van DNA en een aangrijpingspunt voor anthracycline 
chemotherapie.. Meerdere studies hebben laten zien dat amplificatie van het HER-2 gen een 
negatieff  voorspellende factor is voor de response op hoge dosis alkylerende chemotherapie. In 
dee tumoren van 59 patiënten die behandeld waren met HD-CT voor een gemetastaseerd 
mammacarcinoomm werd zowel de overexpressie van HER-2 en Topo 2a (met 
immunohistochemistryy (IHC)) als de amplificatie van beide genen (met Chromogene In Situ 
Hybridizationn (CISH)) bepaald. Zoals ook in de literatuur wordt vermeld, hadden alle tumoren 
diee bij de IHC een sterke aankleuring lieten zien (3+) ook amplificatie bij de CISH methode. 
Slechtss vijf tumoren lieten Topo 2a amplificatie zien en al deze tumoren hadden ook 
amplificatiee van het HER-2 gen. Er was geen Topo 2a amplificatie in de HER-2 negatieve 
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tumoren.. Dit ondersteunt de hypothese dat Topo 2a amplificatie ontstaat door co-amplificatie 
mett het HER-2 gen. Er was geen duidelijke correlatie tussen Topo 2a en HER-2 overexpressie 
off  amplificatie met overleving en ook niet met de response op anthracycline-bevattende 
inductiee chemotherapie. De conclusie was dat de eerder gesuggereerde relatie tussen HER-2 
amplificatiee en het resultaat van de behandeling niet sterk genoeg is om in deze kleine 
retrospectievee studie tot uiting te komen. 
Hett laatste decennium zijn vele artikelen verschenen over de controverse rond HD-CT bij 
solidee tumoren en in het bijzonder bij het mammacarcinoom. Op dit moment is het wel 
duidelijkk dat HD-CT niet zo veelbelovend is als aanvankelijk werd gedacht. De prognose van 
hett gemetastaseerd mammacarcinoom blijf t slecht. De data van zeven gerandomiseerde studies 
betreffendee HD-CT bij gemetastaseerde ziekte zijn inmiddels gepubliceerd. De overleving 
werdd in slechts vier studies geëvalueerd, omdat de andere studies een cross-over design 
hadden.. In deze vier studies was de overleving gelijk in de HD-CT en de standaard dosis 
chemotherapiee groep, maar de progressie-vrije overleving was verbeterd in zes van de zeven 
onderzoeken.. Het vertragen van de progressie van de ziekte is wel een belangrijk element in 
dee behandeling van gemetastaseerde ziekte, omdat genezing niet mogelijk is. Alle studies 
warenn klein en hebben niet genoeg statistische kracht voor belangrijke conclusies. Voor een 
goedee evaluatie zal dan ook de meta-analyse moeten worden afgewacht (deze wordt verwacht 
inn 2005). 
Borstkankerr is een heterogene ziekte en het is duidelijk dat niet alle patiënten baat hebben van 
dezee behandeling. Het is echter heel goed mogelijk dat deze intensieve therapie een voordeel 
heeftt voor een subgroep van patiënten. Recente data laten zien dat jonge leeftijd en negatieve 
HER-22 receptor gunstige factoren zijn voor HD-CT als adjuvante therapie bij 
mammacarcinomenn met een hoog risico op latere metastasering. De studies in dit proefschrift 
latenn aanwijzingen zien dat behandeling met HD-CT kan resulteren in een langdurige 
progressie-vrijee overleving in een subgroep: de patiënten met beperkt gemetastaseerde ziekte, 
diee reageert op (inductie) chemotherapie. De HD-CT kan gebruikt worden om de tumormassa 
tee reduceren in deze geselecteerde subgroep van patiënten en nieuwe behandelingstrategieën 
zullenn ontwikkeld moeten worden om de minimale hoeveelheid achtergebleven ziekte onder 
controlee te houden. Het is ook mogelijk dat genezing na HD-CT alleen te bereiken is bij 
patiëntenn met zeer beperkt gemetastaseerde ziekte ("oligometastatic disease"), waarmee wordt 
bedoeldd dat het mogelijk is om al het macroscopisch aanwezige tumor weefsel te verwijderen 
d.m.v.. chirurgie en/of bestraling. In deze situatie is de HD-CT alleen nodig voor de 
behandelingg van microscopische ziekte, net als in de adjuvante situatie waarin voordeel is 
aangetoondd voor behandeling met HD-CT. Concluderend is het te vroeg om het concept van 
HD-CTT voor het gemetastaseerd mammacarcinoom te verwerpen, omdat het waarschijnlijk is 
datt een geselecteerde groep patiënten wel degelijk baat heeft van deze therapie. De uitdaging 
voorr de toekomst is om deze patiëntensubgroep met nieuwe technieken (onder andere door 
DNAA analyse van de tumor) beter te definiëren. 
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Ditt proefschrift is het resultaat van verschillende studies die allen uitgevoerd zijn in het 
Nederlandss Kanker Instituut/ Antoni van Leeuwenhoekziekenhuis. Op deze plaats wil ik 
iedereenn bedanken die een bijdrage heeft geleverd aan de totstandkoming van dit proefschrift. 
Datt zijn er velen geweest. Zonder anderen tekort te doen, wil ik een aantal mensen in het 
bijzonderr noemen. 

Inn de eerste plaats gaat mijn dank uit naar de patiënten die door deelname aan de diverse 
studiess hun gegevens beschikbaar hebben gesteld voor de analyses in dit proefschrift. Zonder 
hunn inzet was dit proefschrift niet mogelijk geweest. 

Mij nn promotor en opleider, Prof. Dr. S. Rodenhuis, wil ik graag bedanken voor zijn tomeloze 
inzett om dit proefschrift tot een goed einde te brengen. Beste Sjoerd, jouw scherpe en vaak 
kritischee opmerkingen brachten mij wel eens tot wanhoop, maar resulteerden altijd in een 
verbeteringg van het manuscript. De correcties werden met opvallende snelheid en efficiëntie 
uitgevoerd.. Als ik dacht een artikel even "kwijt"t e zijn, lag het de volgende dag alweer in mijn 
postvakjee met genoeg commentaar om de week weer te vullen. Bedankt voor je inspirerende 
begeleiding.. Ik heb veel van je geleerd. 

Prof.Prof. dr. MJ. van de Vijver wil ik noemen voor zijn bijdrage aan de analyse van de preparaten 
vann het tumorweefsel van de patiënten in enkele studies (hoofstuk 3 en 8). Beste Mare, naast 
dee hulp bij het interpreteren van de uitslagen, was ook jouw commentaar op de artikelen van 
grotee waarde. 
PetraPetra Kristel, pathologisch anatomisch analiste, heeft de topoisomerase II alpha bepalingen 
verrichtt (hoofdstuk 8). Petra, bedankt voor het tijdrovende werk datje hebt verricht. 

Dee mensen van het trialbureau en de wetenschappelijke administratie wil ik bedanken voor de 
hulpp bij het zoeken van alle studiegegevens. H. van Tinteren en N. Antonini, statistici, waren 
onmisbaarr voor de statistische bewerkingen van de data. Harm en Ninja, met julli e hulp werd 
dee brij van gegevens omgevormd tot een geordend geheel van strakke lijnen en tabellen. 
Hartelijkk dank.7bny van de Velde wil ik apart noemen voor zijn hulp bij het opzetten van een 
handigee database en Ing rid Mandjes voor haar adviezen bij het maken van de formulieren voor 
dee database. Bedankt voor de plezierige samenwerking. 

Dee "beenmergcoördinatoren" van het Antoni van Leeuwenhoek ziekenhuis (AvL) hebben de 
patiëntenn die deelnamen aan de studies intensief begeleid tijdens het transplantatie traject. 
Daarnaastt hebben zij een deel van de patiëntengegevens verzameld. Marjo, Gisela (inmiddels 
niett meer werkzaam in het AvL) en Wilma, julli e nauwgezette registratie heeft mij veel 
monnikenwerkk in het archief bespaard. Het was gezellig om met julli e samen te werken. 
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Dee nog niet genoemde mede-auteurs van de diverse artikelen (Joke Baars, Jan Schornagel, 
BertBert de Gast, Ian Faneyte , Hans Peterse, Otilia Dalesio, Emile Rutgers en Jos Beijnen) wil ik 
bedankenn voor hun bijdragen aan de ontwikkeling van de diverse manuscripten tot "echte 
artikels". . 
MaartjeMaartje de Boer, medisch student heeft in het kader van de wetenschappelijk stage van de 
opleidingg Geneeskunde een belangrijke bijdrage geleverd aan hoofdstuk 7. Maartje, hartelijk 
dank,...enn je naam staat in "Pubmed". 

Hett grootste deel van de werkzaamheden voor dit proefschrift heeft plaatsgevonden tijdens de 
specialisatiee tot oncoloog in het Antoni van Leeuwenhoek ziekenhuis (AvL). Het was een 
gezelligee tijd. Ik wil dan ook alle collegae internisten- de "fellows oncologie" [Jan, Gerty, 
Bart,Bart, Alex, Marie-Cecile, Mariëlle, Manneke, Philomeen, Sabine, Martijn, Helgi, Laurence, 
Rianne,Rianne, Emine ), arts-assistenten, (research)verpleegkundigen en overige medewerkers 
bedankenn voor de prettige samenwerking. Het secretariaat medische oncologie van het AvL, 
inn het bijzonder Karin en Priscilla, wil ik apart bedanken voor de hulp met de voorbereiding 
(stapelss statussen op julli e kamer) en afwerking (het printen) van de artikelen. 

Dee leden van de promotiecommissie: Prof dr. D. Richel, Prof dr.F.S. van Dam, Prof dr. B.B. 
Kroon,Kroon, Prof dr. M.J.M, van Oers, Prof dr. E. van der Wall ben ik zeer erkentelijk voor 
beoordelingg van het manuscript. 

Dee internisten uit IJsselmeerziekenhuizen te Lelystad wil ik bedanken voor de ruimte die ze 
mijj  gegeven hebben om aan mijn proefschrift te kunnen werken. Het was plezierig om met 
julli ee te werken. 
Dee maatschap Interne geneeskunde in het Spaarne ziekenhuis bedank ik voor het begrip en de 
morelee steun bij de laatste loodjes van dit boekje. 

SheenaSheena Barker, thank you for your helpful comments on some parts of the thesis. 

PeterPeter van Oostzanen, kunstenaar, bedank ik voor de toestemming om het schilderij voor de 
omslagg te gebruiken. Ruud Waalewijn, vriend en grafisch ontwerper, ji j hebt dit schilderij 
vakkundigg bewerkt tot een omslag voor dit boekje, maar bovenal ben ik je dankbaar voor de 
hulpp bij de layout van dit boekje. 

MijnMijn  ouders wil ik bedanken voor alle steun, vroeger tijdens het studeren en nu nog steeds bij 
hett maken van dit proefschrift. Mijn schoonouders wil ik bedanken voor alle hulp en 
belangstellingg tijdens het hele traject dat tot dit boekje heeft geleid. Samen met mijn ouders 
hebbenn jullie, tot grote vreugde van de 'kleintjes', de extra oppas verzorgd. 
Pap,, Mam, Harry en Ria, bedankt. 
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EllyElly en Yvonne, lieve zussen, altijd luisterend oor dan wel commentaar.Yvonne, het is logisch 
datt ji j als "deskundige" mijn paranimf bent. Thea, leuk datje nu mijn paranimf wilt zijn, maar 
eigenlijkk zijn we al paranimfen sinds de lagere school. 
LieveLieve Timo en Manou, julli e onbezonnen vrolijkheid plaatst alles weer in perspectief. 
Kinderlogicaa is de basis van ieder proefschrift. 
LieveLieve Joeri, de 'laptop' is weer vrij voor "motorracing". 
LieveLieve Huub, eindelijk meer tijd voor het nieuwe project: 
hett huisje, de (blij)boompjes en de'^eestjes". 
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Curriculu mm vitae 

Dee auteur van dit proefschrift werd op 20 februari 1963 geboren te Assendelft. In 1980 
behaaldee zij het VWO-B diploma aan het Sint Michael college te Zaandam. In datzelfde jaar 
werdd aangevangen met de studie Fysiotherapie aan de Academie voor Fysiotherapie "Jan van 
Essen""  te Amsterdam. In 1982 verruilde zij deze studie voor de studie Geneeskunde aan de 
Universiteitt van Amsterdam en in 1986 werd het doctoraal examen {cum laude) gehaald. In de 
wachttijdd voor de co-assistentschappen (duur 1 jaar) deed zij onderzoek naar dysmaturiteit op 
dee afdeling Verloskunde van het Academisch Medisch Centrum te Amsterdam (begeleider Dr. 
K.. Boer). In 1989 behaalde zij het artsexamen (cum laude) en daarna werkte zij als arts-
assistentt (niet in opleiding) op de afdeling Interne geneeskunde in het Academisch Medisch 
Centrumm te Amsterdam, gevolgd door een extra stage Oncologie in het Antoni van 
Leeuwenhoekk ziekenhuis eveneens te Amsterdam. In april 1992 startte zij met de opleiding tot 
internistt in het Onze Lieve vrouwe Gasthuis te Amsterdam (opleider: Dr. B. Silberbusch). Na 
dee vier basis jaren werd gestart met de opleiding tot hematoloog in het Academisch Medisch 
Centrumm te Amsterdam (opleider: Prof. Dr. A.E.G.Kr. von dem Bornef). In 1998 werd de 
opleidingg tot internist en hematoloog beëindigd en aansluitend werkte zij gedurende een half 
jaarr als chef-de-clinique op de afdeling Hematologie-Oncologie in het Onze Lieve Vrouwe 
Gasthuiss te Amsterdam. Daarna was zij gedurende 4 jaar werkzaam in het aandachtsgebied 
Oncologiee in het Antoni van Leeuwenhoek ziekenhuis (opleider: Prof. S. Rodenhuis). In deze 
periodee werd het grootste deel van dit proefschrift geschreven. In 2002 werd zij officieel 
geregistreerdd als internist-oncoloog. Van januari tot en met december 2003 was zij als 
internist-hematoloog/oncoloogg verbonden aan de IJsselmeerziekenhuizen te Lelystad. Sinds 
januarii  2004 is zij werkzaam als internist-hematoloog/oncoloog in het Spaarneziekenhuis te 
Haarlem m 
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Stellingenn behorend bij het proefschrift 

Patientt  selection for  high-dose chemotherapy in 
stagee II  and IV breast cancer 

Jolandaa Schrama 
144 oktober 2004 



1.. In opzet curatieve hoge dosis chemotherapie voor solide tumoren, 
ondersteundd door auto loge beenmerg- of stamceltransplantatie, heeft een 
aanvaardbaree toxiciteit, zowel op korte als langere termijn. 

2.. Het bereiken van een langdurige progressie-vrije overleving na hoge dosis 
chemotherapiee wegens gemetastaseerd mammacarcinoom is mogelijk in 
eenn subgroep van patiënten met beperkt gemetastaseerde ziekte, die 
reageertt op conventionele inductie chemotherapie. 

3.. Intensieve chemotherapeutische behandeling bij het gemetastaseerd 
mammacarcinoomm bestaande uit drie sequentieel toegediende kuren hoge 
dosiss chemotherapie, ondersteund door autologe stamceltoediening, zijn 
uitvoerbaarr met een acceptabele toxiciteit, zowel op korte en lange 
termijn. . 

4.. Palliatieve chemotherapie wegens een recidief mammacarcinoom na hoge 
dosiss chemotherapie kan in standaard dosis worden gegeven en heeft geen 
lageree response kans. 

5.. De behandeling van patiënten met hoge dosis chemotherapie wegens een 
gemetastaseerdd mammacarcinoom dient nog steeds alleen in studie 
verbandd plaats te vinden. 

6.. Toename van de kennis van cel en gen regulatie in de oncologie leidt tot 
meerr 'tailor-made' therapie en hoge dosis chemotherapie zal in de 
collectiee blijven voor een subgroep van patiënten. 

7.. Meer is niet altijd beter. 

8.. Discriminatie van tumoren is toegestaan en moet zelfs leiden tot een 
effectieveree eliminatie. 

9.. Bij de toepassing van "evidence-based medicin" kan de geneeskunde nog 
steedss geneeskunst blijven. 

10.. In tijden van hoogconjunctuur kan de term opvoeden leiden tot 
overvoeden. . 

11.. Het is de vraag of het inspuiten van botuline toxine (Botox®) leidt tot een 
rimpellozerr bestaan. 

12.. Het aantal bladzijdes dat in een proefschrift wordt gelezen is onafhankelijk 
vann de dikte van het proefschrift. 
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