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  Purpose: The benefit of high-dose chemotherapy (HDC) 
for metastatic breast cancer (MBC) is controversial. W e 
evaluated the efficacy and safety of HDC with cyclopho-
sphamide, thiotepa, and carboplatin (CTCb) followed by 
autologous stem-cell transplantation (ASCT) for MBC  
patients. 
  Materials and Methods: From September 1994 to De-
cember 1999, 23 MBC patients were enrolled. All the pa-
tients received 2 to 10 cycles of induction chemotherapy. 
Before transplantation, 12 patients were in complete re-
sponse (CR), nine were in partial response (PR), and two 
had progressive disease (PD). The HDC regimen con-
sisted of cyclophosphamide 1,500 mg/m2/day, thiotepa  
125 mg/m2/day and carboplatin 200 mg/m2/day intrave-
nously for 4 consecutive days
  Results: After ASCT, 13 patients (56%) had a CR, five

(22%) had a PR, three (13% ) had no change, while two 
(9% ) showed a PD. Seventeen patients relapsed or prog-
ressed during the median follow-up of 78 months. The me-
dian progression-free survival (PFS) time was 11 months 
and the median overall survival (OS) time was 23 months. 
The 5-year PFS and OS rates were 22%  and 25% , respec-
tively. On the multivariate analyses, less than 4 involved 
lymph nodes was predictive of a better PFS and OS. 
  Conclusion: HDC with CTCb for MBC has acceptable  
toxicity; however, this treatment does not show a survival 
benefit. (Cancer Research and Treatment 2005;37:24-30)
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INTRODUCTION
  

  Metastatic breast cancer (MBC) is usually regarded as an incur-
able disease having a median survival time of approximately 2 
years after the diagnosis of metastases (1). In such patients, there 
are not many complete responses (CR) with conventional-dose 
chemotherapy. 
  Retrospective studies have indicated a positive correlation 
between increasing the dose intensity and improving the re-
sponse rates for MBC (2). In this respect, autologous stem-cell 
transplantation (ASCT) allows for dose escalation beyond the 

normal bone marrow tolerance, which is needed to overcome 
the resistance of tumor cells to chemo and radiation therapy 
so as to produce better outcomes. In the 1980s and 1990s, sev-
eral phase II studies reported promising results for MBC after 
high-dose chemotherapy (HDC) with ASCT (3～5), and this 
has prompted the number of HDC studies to increase. However, 
the randomized studies reported to date have failed to show any 
clear advantage of the high-dose approach. The overall survival 
(OS) has been similar for HDC and the conventional-dose che-
motherapy, while progression-free survival (PFS) was improved 
in the HDC group (6～14).
  In 1998, we reported the preliminary result of phase II study 
of HDC with cyclophosphamide, thiotepa, and carboplatin 
(CTCb) followed by ASCT for 11 patients with metastatic or 
high-risk breast cancer (15). This study was closed down in 
July 2000 due to the lack of evidence from randomized studies 
demonstrating any survival benefit for HDC (10). Here in this 
study, we report the updated outcome of a phase II study on 
23 metastatic patients after a median follow-up of 78 months 
and a maximum follow-up of 10 years.
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Table 1. Patient characteristics


Characteristic No. of patients %

Age, years, median (range) 38 (22～53)
Disease-free interval 
   Metastases at diagnosis  3 13
   ＜2 years  6 26
   ≥2 years 14 61
No. of positive lymph nodes, 

2 (0～25)
 median (range) (3 NA*)

0～3 12 52
4～9  3 13
≥10  5 22

Primary tumor size
   ≤5 cm 14 61
   ＞5 cm  9 39
Hormone receptor status (8 NA*) 
   Positive (any)  9 39
   Negative  6 26
Type of surgery 
   Mastectomy 20 87
   Breast-conserving operation  2  9 
Adjuvant treatment 
   Radiotherapy  8 35
   Tamoxifen  8 35
   Chemotherapy 17 74
   CAF†  3 13
   CMF‡ 10 43
   MFL§  4 17
No. of metastatic disease
   1 12 52
   2  4 17
   ≥3  7 31
Site of metastatic disease∥

   Bone 11 48
   Lung  9 39
   Pleura  3 13
   Liver  4 17
   Adrenal gland  1  4
   Ovary  1  4
   Lymph nodes  7 31
Induction regimen for metastases
   CAF† 13 57
   TP

¶
10 43

Local treatment for metastases
   Radiotherapy  2  9
   Surgery  4 17
Disease status at ASCT** 
   Complete response 12 52
   Partial response  9 39
   Progressive disease  2  9

*Data not available, †cyclophosphamide+doxorubicin+5-fluorou-
racil, ‡cyclophosphamide+methotrexate+5-fluorouracil, §metho-
trexate+5-fluorouracil+leucovorin, ∥more than 1 site per patient, 
¶paclitaxel+cisplatin, **autologous stem-cell transplantation.

MATERIALS AND METHODS

    1) Patients 

  Female patients were considered eligible if they had histolo-
gically proven MBC; these patients were from 16 to 65 years 
of age, they had an Eastern Cooperative Oncology Group per-
formance status from 0 to 2 and they had adequate organ func-
tion (defined as leukocytes≥4,000/μL, platelets≥100,000/μL, 
transaminases≤2 times the upper normal limit, total bilirubin≤
2.0 mg/dL, serum creatinine≤2.0 mg/dL and a cardiac ejection 
fraction≥50%). The study was approved by our Institutional 
Review Board in accordance with the Helsinki Declaration, and 
a written informed consent was obtained from each patient. 
  Most patients underwent mastectomy or a breast-conserving 
operation and all patients received 2 to 10 cycles (median num-
ber of cycles: 4) of induction chemotherapy. CAF (cyclopho-
sphamide 600 mg/m2, doxorubicin 60 mg/m2 and 5-fluorouracil 
600 mg/m

2 every 3 weeks) was the preferred regimen and the 
remaining patients received TP (paclitaxel 135 mg/m2 and cis-
platin 75 mg every 3 weeks) after previously having received 
anthracycline-containing chemotherapy for metastatic disease. 
Local therapy consisting of radiotherapy or surgery was al-
lowed, and patients rendered free of measurable disease by sur-
gery were categorized as having achieved a CR. For patients 
with bone-only metastases, a partial response (PR) was defined 
as the resolution of bone pain and a reduction or stabilization 
in the size and/or number of bony lesions on radionuclide scans 
following induction chemotherapy.

    2) Treatment

  Peripheral-blood stem cells mobilization was induced by 
chemotherapy plus growth factor (G-CSF, 10μg/kg/day subcu-
taneously). Each patient was administered cyclophosphamide (4 
g/m

2
), CAF or TP. The peripheral-blood stem cells were col-

lected by leukapheresis until at least 3×106
 CD34+ cells/kg 

were harvested (16). 
  The HDC regimen consisted of cyclophosphamide 1,500 
mg/m2

/day, thiotepa 125 mg/m
2
/day and carboplatin 200 mg/ 

m2/day intravenously on days -7 to -4 (5). G-CSF was begun 
the day after stem cell infusion and it was continued until the 
absolute neutrophil count reached 1,000/μL or more on 2 con-
secutive days.
  All the patients received prophylactic antimicrobials/antivi-
rals consisting of oral ciprofloxacin and acyclovir. The patients 
were transfused with irradiated red blood cells and platelets to 
maintain their hemoglobin levels at greater than 8 g/dL and 
their platelet counts at greater than 20,000/μL. 
  The standard response criteria were used (17), and the eval-
uation of toxicity was performed according to National Cancer 
Institute-Common Toxicity Criteria (NCI-CTC). 

    3) Statistical Analysis

  The PFS and OS were estimated using the Kaplan-Meier 
method and they were calculated from the date of stem cell 
infusion. PFS was measured until the date of disease progres-
sion or death from any cause, and OS was measured until the 
date of death from any cause. For patients who did not 
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Fig. 1. (A) Progression-free survival and (B) overall survival (median: 11 and 23 months, respectively).

Table 2. Initial response to ASCT


No. of patients %


Continued complete response 12 52
Complete response  1  4
Partial response  5 22
Stable disease  3 13
Progressive disease  2  9


Table 3. Univariate analyses for survival


PFS* OS†

Variable 
% 5-year p % 5-year p


Age 0.61 0.92
   ≤40 20 27
   ＞40 25 25
Disease-free interval 0.11 0.0009
   ≥2 years 29 34
   ＜2 years  0  0
No. of positive nodes 0.03 0.031
   ＜4 42 42
   ≥4  0  0
Primary tumor size 0.12 0.3
   ≤5 cm 36 36
   ＞5 cm  0 11
No. of metastatic disease 0.11 0.021
    1 42 50
   ＞1  0  0
Liver metastases 0.028 0.0002
   No 26 30
   Yes  0  0
Visceral disease 0.89 0.74
   No 25 25
   Yes 20 27
Induction regimen 0.064 0.022
   CAF‡ 31 39
   TP§ 10∥ 10∥ 
Response to induction 

0.0089 0.031
 chemotherapy
   CR¶ 33 39
   PR** or PD††  9   9

*Progression-free survival, †overall survival, cyclophosphamide+
doxorubicin+5-fluorouracil, 

§paclitaxel+cisplatin, ∥4-year survival 
rate, ¶complete response, **partial response, ††progressive disease.

experience these events, their data were censored at the time 
of their last follow-up visit. The log-rank test was used to com-
pare survival times between the patient subgroups, and the Cox 
proportional hazards model was used to estimate hazard ratios 
and to perform regression analysis. p values of 0.05 or less 
were considered significant. 

RESULTS

    1) Patient Characteristics and Treatment

  From September 1994 to December 1999, a total of 23 wom-
en were enrolled. The patient characteristics are summarized in 
Table 1. Among them, 20 patients had recurrent disease and 
three presented with metastatic disease. Forty-eight percent of 
the patients had more than one site of metastatic disease and 
61% had visceral disease. The induction chemotherapy was 
CAF in 13 patients (57%) and TP in 10 patients who had pre-
viously received CAF for metastatic disease. After the induction 
chemotherapy, 12 patients were in CR, nine were in PR and 
two showed progressive disease (PD). 
  A median of four sessions (range: 2 to 14 sessions) was re-
quired to obtain at least 3×106

 CD34+ cells/kg for transplan-
tation (median yield: 5.4×106; range: 1.2×106 to 19.9×106). 
In six patients (26%), less than the required target number of 
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cells was harvested. The median time to neutrophil engraftment 
(≥500/μL) was 11 days (range: 8 to 35 days), and the median 
time to independence from platelet transfusion (≥20,000/μL) 
was 15 days (range: 9 to 31 days). There were five cases of 
platelet engraftment failure, and one patient died of hemorrhage 
nine months after ASCT. The median in-patient length of stay 
after stem-cell infusion was 22 days (range: 14 to 130 days). 
  All the patients became transfusion-dependent and twenty of 
them developed an episode of neutropenic fever that required 
intravenous antibiotics; however, no documented infection was 
noted. The most common grade 3 or 4 nonhematologic toxicity 
was diarrhea that occurred in six patients (26%). Other grade 
3 nonhematologic toxicities were mucositis in one, nausea/ 
vomiting in three and azotemia in two. There was one case of 
hemorrhagic cystitis despite the concomitant administration of 
mesna. 

    2) Initial response to ASCT

  The 12 patients in CR before transplantation maintained their 
CR after ASCT. Among the 9 patients who entered ASCT with 
PR, one (11%) converted to CR, five (56%) achieved a better 
PR, and one had no change, while two showed a PD. Two pa-
tients (9%) who showed a PD after induction chemotherapy had 
no change in status (Table 2). 

    3) Survival

  With a median follow-up of 78 months from the time of 
ASCT (range: 55 to 119), 17 patients relapsed or progressed. In 
total, nine patients showed progression at the sites of their pre-
vious disease, one showed progression at a new site, and seven 
showed progression at both the previous sites and new sites. The 
median duration of PFS was 11 months [95% confidence interval 
(CI): 6 to 15 months] and the median duration of OS was 23 
months (95% CI: 0 to 56 months) (Fig. 1). The 5-year PFS and 
OS rates were 22±9% and 25±9%, respectively. 
  Univariate analysis was performed to determine the factors 
that were predictive of PFS and OS (Table 3). The PFS was 
found to be significantly superior for patients who had less than 
4 involved lymph nodes, patients with the absence of liver me-
tastases and if the patients had a CR to induction chemotherapy 
(Fig. 2). The induction regimen was a marginally significant 
factor for PFS (p=0.064). A shorter disease-free interval, less 
than 4 involved lymph nodes, a single metastatic site, the ab-
sence of liver metastases, an induction regimen with CAF and 
a CR to induction chemotherapy were factors predictive of a 
better OS. The significant factors on the multivariate model for 
survival are shown in Table 4. The number of involved lymph 
nodes and the response to induction chemotherapy remained 
significant for PFS, and the disease-free interval and the num-
ber of involved lymph nodes were significant for OS. Patients 

Fig. 2. Progression-free survival according to (A) the number of 

positive nodes (p=0.03) (B) the presence of liver me-

tastases (p=0.028) and (C) the response to induction che-

motherapy (p=0.0089). 
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Table 5. Randomized trials for metastatic breast cancer 


Trial (Investigator) N Follow-up PFS* HDC† PFS* Control p OS‡ HDC† OS‡ Control p


Duke crossover 1 100 6.3 yr 6-yr: 25% 6-yr: 10% 0.0006 6-yr: 33% 6-yr: 38% 0.32
(Peters) (6,7)  Med: 9.7 mo Med: 3.8 mo Med: 2.3 yr Med: 3.6 yr
France, PEGASE§ 04  61 NR∥ Med: 35 mo Med: 20 mo 0.06 5-yr: 30% 5-yr: 18% 0.1
(Lotz) (8)  Med: 43 mo Med: 20 mo
Duke crossover 2  69 4.9 yr 17% 9% 0.001 2.0 yr 1.8 yr NS¶

(Madan) (7,9)
USA, PBT**-1 184 68 mo 5-yr: 4% 5-yr: 3% 0.3 5-yr: 14% 5-yr: 13% 0.6
(Stadtmauer) (10,11) Med: 10 mo Med: 9 mo Med: 26 mo Med: 26 mo
Canada, NCIC†† 224 19 mo 38% 24% 0.01 Med: 24 mo Med: 28 mo 0.9
(Crump) (7,12) 
France, PEGASE

§ 03 180 48 mo 1-yr: 46% 1-yr: 19% 0.0002 3-yr: 38% 3-yr: 30% 0.7
(Biron) (7,13) Med: 11 mo Med: 7 mo Med: 29 mo Med: 24 mo
Germany  92 14 mo Med: 14 mo Med: 10 mo 0.05 Med: 28 mo Med: 25 mo 0.3
(Schmid) (14) 

*Progression-free survival, †high-dose chemotherapy, ‡overall survival, §Programme d'Etude de la Greffe Autologue dans les Cancers 
du Sein, ∥not reported, ¶not significant, **Philadelphia trial, ††National Cancer Institute of Canada. 

Table 4. Multivariate analyses for survival


Hazard
95% CI* p

ratio

Progression-free survival
 No. of positive nodes (＜4 vs. ≥4) 3.4   1.1～10.4 0.036
 Liver metastases (no vs. yes) 2.3  0.49～10.5 0.30
 Induction regimen (CAF† vs. TP‡) 3.3  0.81～13.6 0.094
 Response to induction chemotherapy 

6.5   1.7～24.6 0.006
  (CR§ vs. PR∥ or PD¶)
Overall survival
 Disease-free interval

12.7   1.8～88.3 0.010
  (≥2 vs. ＜2 years)
 No. of positive nodes (＜4 vs. ≥4) 8.3   1.7～40.8 0.009
 No. of metastatic disease (1 vs. ＞1) 2.3  0.31～8.6 0.56
 Liver metastases (no vs. yes) 4.7 0.031～1.5 0.12
 Induction regimen (CAF† vs. TP‡) 4.7  0.87～24.9 0.072
 Response to induction chemotherapy
 2.7  0.76～9.9 0.12
  (CR§ vs. PR∥ or PD¶)

*Confidence interval, †cyclophosphamide+doxorubicin+5-fluorou-
racil, ‡paclitaxel+cisplatin, §complete response, ∥partial response, 
¶progressive disease. 

with less than 4 involved lymph nodes showed higher 5-year 
PFS and OS rates of 42% vs. 0%, respectively. The hazard 
ratios for disease progression and death were 3.4 (95% CI, 1.1 
to 10.4; p=0.036) and 8.3 (95% CI, 1.7 to 40.8; p=0.009), re-
spectively. 

DISCUSSION

  HDC of cyclophosphamide, thiotepa, and carboplatin (CTCb) 
followed by ASCT for patients with MBC had an acceptable 

toxicity; however, this treatment did not show a survival 
benefit. After a median follow-up of 78 months from the date 
of stem-cell infusion, the 5-year PFS and OS rates were 22% 
and 25%, respectively. 
  For MBC patients who were transplanted after their response 
to first-line chemotherapy, not only did HDC produce the high-
est response and CR rate ever reported using conventional-dose 
chemotherapy, but this treatment also achieved long-term PFS 
rates of 10% to 25% (7). On the other hand, a retrospective 
study has suggested that these promising results could be better 
explained by a bias in patient selection (a younger age and 
better performance status), extensive tumor staging and the se-
lection requirement of chemosensitivity (18).
  Eight randomized trials on the role of HDC for MBC patients 
have been published to date, but only seven of these are evalu-
able because the Bezwoda trial (19) was disaccredited (Table 
5). Moreover, the OS has been evaluated in only four of seven 
studies since three studies (6,9,14) had a crossover design. In 
the four evaluable trials, the OS was similar for the HDC 
groups and the conventional-dose chemotherapy groups, while 
PFS was improved for the HDC group in six of seven trials, 
with the only exception being the Philadelphia study (10). In 
the Philadelphia PBT-1 study (10,11), an intent-to-treat analysis 
showed no difference in the PFS or OS rates between the trans-
plantation and conventional-dose chemotherapy groups. Howev-
er, that study was limited by a 45% drop-out rate (34% before 
and 11% after randomization), and only 45 patients having a 
CR were treated in study: this conferred only a 20% power to 
detect a 20% absolute OS difference in the subgroups that may 
benefit most from HDC (7,20). Moreover, the conventional- 
dose chemotherapy was continued until disease progression or 
for up to 24 cycles, so this cannot be considered as conven-
tional treatment. 
  The delay in disease relapse or the progression of metastatic 
disease itself is clinically important. Additionally, since none 
of the reported studies randomized more than 220 patients, their 
statistical power may have been too limited to detect any mean-
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ingful survival differences. In the French FEGASE-04 trial (8), 
there appeared to be large difference in favor of the transplant 
group for the PFS (median: 35 vs. 20 months) and OS (median: 
43 vs. 20 months; 5-year OS rates: 30% vs. 18%), and none 
of the results reached statistical significance due to the very 
small sample size (n=61). A longer follow-up period is also 
needed to see whether the PFS advantage translates into an OS 
benefit. Berry et al. (21) retrospectively compared the survival 
of 635 MBC patients who were enrolled in the Cancer and 
Leukemia Group B (CALGB) trials of standard-dose chemo-
therapy with the survival of 441 HDC-treated MBC patients 
from the Autologous Blood and Marrow Transplant Registry 
(ABMTR). Patient survival was similar for the first 2 years, 
but by 3 years, there was a statistically significant advantage 
for the HDC of 39% vs. 31%. Meanwhile, it is possible that 
the benefit from HDC is restricted to certain subgroups of pa-
tients, resulting in relatively small difference for the whole 
study group. In the retrospective studies, liver involvement, 
prior adjuvant chemotherapy, a shorter disease-free interval and 
negative estrogen receptor status were poor prognostic factors 
for both PFS and OS (22,23).
  Our median PFS and OS of 11 and 25 months, respectively, 
are consistent with other HDC trials [weighted average PFS: 
10 months (range: 6 to 20 months); weighted average OS: 19 
months (range: 10 to 24 months)] (5,6,9～13,24). Furthermore, 
we did not restrict patients to those responding to initial in-
duction chemotherapy as in many of the HDC trials for MBC. 
Two of our patients did not achieve a response to induction 
chemotherapy and 10 (43%) of our patients received 2 or more 
different regimens for metastatic disease. Despite this heteroge-
neity, the CR rate after ASCT was 56%. This CR rate was 
higher than those CR rates seen with conventional-dose chemo-
therapy (weighted average: 17%; range: 4% to 23%) and it was 
comparable with other HDC trials for MBC patients (weighted 
average: 40%; range: 6% to 55%) (3～5,24). However, of the 
nine patients who received HDC after they achieved a PR to 
induction chemotherapy, only one patient (11%) went on to 
achieve a CR with HDC. This low PR to CR conversion rate 
in our study was different from the results in the vast majority 
of phase II HDC trials, in which PR to CR conversion rates 
of 20% to 60% were reported (4,5,7). The conflicting results 
may derive from differences in the design of the trials, the drug 
regimens that were used and the patients that were studied. 
About half of our patients were heavily treated with more than 
one regimen prior to HDC, and so the tumor cells that had al-
ready survived the standard regimens were more likely to be 
resistant at the time of reinduction and HDC. 
  Cox multivariate analysis demonstrated that the number of 
involved lymph nodes was an independent predictor of both 
PFS and OS. Additionally, the patients achieving a CR to in-
duction chemotherapy showed significantly higher 5-year PFS 
rate than those patients who were not in CR prior to their 
ASCT (33% vs. 9%). Other authors have reported similar re-
sults (5,10,22,24), and interestingly, the induction regimen with 
CAF showed a tendency for a better PFS and OS. All the pa-
tients whose induction regimens were TP received this regimen 
as a second- or third-line chemotherapy after prior use of CAF 
for metastatic disease, while the remaining patients received 
CAF as first-line treatment (except for one patient). A possible 

explanation is that those patients whose tumors have not yet 
failed to respond to the best treatment regimen would be the 
most likely to benefit from HDC. However, because this study 
was small and it was not a true population-based study, any 
survival analysis must be interpreted very cautiously.
  In the present study, most nonhematologic toxicities were 
mild and tolerable, and one patient died of hemorrhage nine 
months after ASCT due to lack of platelet engraftment. There 
were five cases of platelet engraftment failure, and in four of 
these, less than the targeted number of cells was harvested. 
Three of the four patients who received surgery for metastatic 
disease remained disease-free, although 84% of the remaining 
patients relapsed or progressed at the sites of their previous 
disease or at both previous and new sites. The benefit for sur-
gical resection of distant metastases is still a matter of debate 
despite some encouraging reports (25).

CONCLUSIONS

  This is the only reported series with a prolonged follow-up 
period (median: 78 months, and maximum: 10 years) in Korea 
with regards to HDC for MBC. HDC is not currently accepted 
as a standard therapy in patients with MBC. However, the pa-
tients in this study had a 5-year PFS rate of 22% and a 5-year 
OS rate of 25% after HDC with ASCT. 
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