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Induction Chemotherapy and Intensification with 
Autologous Bone Marrow Reinfusion in Patients 
with Locally Advanced and Disseminated Breast 

Cancer 
Nanno H. Mulder, Paula O.M. Mulder, Dirk Th. Sleijfer, Pax H.B. Willemse, 

Els van der Ploeg, Wil V. Dolsma and Elisabeth G.E. de Vries 

In 56 patients with disseminated or locally advanced breast cancer it was attempted to reach a state of no evidence 
of disease by a remission induction regime containing prednisone, 5-fluorouracil, methotrexate, doxorubicin and 
vincristine. If successful, patients received an intensification regimen consisting of cyclophosphamide (7 g/m e) 
and etoposide (1.5 g/m e) with autologous bone marrow reinfusion. The complete remission rate of the induction 
regimen was 52% and the partial remission rate 42%. 32 patients received the intensification regimen. Two toxic 
deaths occurred. The median time to disease progression in the group with disseminated disease was 15 months. 
After a median observation of 4 years, 11 out of 19 patients with locally advanced breast cancer were free of 
disease. It is concluded that this approach may lead to prolonged disease-free survival in patients with locally 
advanced breast cancer, but does not influence the survival in disseminated disease. 
E u r J  Cancer, Vol.  29A,  N o .  5, pp .  668 -671 ,  1993. 

I N T R O D U C T I O N  
PATIENTS WITH disseminated breast cancer are not curable by 
present day chemo-, hormonal or immunotherapy or combi- 
nations of treatment modaLities. Even in cases of a complete 
remission, characteristically reached in approximately 20% of 
patients by chemotherapy, remission duration is limited and all 
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patients relapse [1]. Partial remissions are even shorter and 
median survival is less than 2 years [2]. Patients with locally 
advanced disease, inflammatory breast cancer, thoracic wall 
infiltration or gross axillary involvement have a prognosis com- 
parable to those with systemic disease [3-5]. 

Breast cancer is, however, sensitive to chemotherapy, and a 
case can be made for better results of  more intensive regimens 
[6]. Therefore,  the use of  ablative doses of  chemotherapy with 
bone marrow rescue seems to be a valid option to study. The  
results of such treatment in patients who have measurable 
tumours indicate high remission rates but usually short remission 
duration and survival [7-16]. 

These results parallel those with acute leukaemia, where cure 
is uncommonly achieved by ablative treatment in relapse, but 
the same therapy in remission can cure [ 17]. Clearly, the optimal 
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situation for intensive treatment is when minimal residual cancer 
is present. 

Our treatment strategy for patients with advanced breast 
cancer, therefore, aimed at the induction of a complete remission 
by six courses of chemotherapy, consisting of methotrexate, 
fluorouracil (5-FU), doxorubicin, vincristine and prednisone. If 
a situation of no evidence of disease was achieved, this treatment 
was followed by intensive chemotherapy and autologous bone 
marrow reinfusion. 

A substantial number of patients so treated are at risk of 
relapse at the site of the former bulky primary tumours [4] or 
metastases and, therefore, these sites were treated with surgery 
and/or radiotherapy. Finally, we added to the treatment 
described above 2 years of treatment with tamoxifen. The 
preliminary results of this approach were reported earlier [18]. 

P A T I E N T S  AND METHODS 
Pre- or perimenopausal women (up till 2 years 

postmenopausal) with histologically proven breast cancer were 
eligible for this study. The stages IIIb and IV (1983 AJCC TNM- 
classification) [19] were included. Patients with disseminated 
disease who were refractory to hormonal manipulation, or were 
considered to be non-eligible for such therapy on clinical grounds 
or because of lack of oestrogen receptor or unknown receptor 
status were entered in this study. 

Staging investigations included radionuclide bone scan, liver 
ultra-sound, chest X-ray and bilateral iliac crest biopsies. 

A WHO performance score of 0, 1 or 2 was required. Serum 
creatinine levels had to be below 120 ixmol/l and bilirubin 
below 30 ~mol/l, in order to permit full dosing of induction 
chemotherapy. 

Informed consent was given by all patients before induction 
treatment and before intensification. The study was approved 
by the local medical ethical committee. 

Treatment schedule 
1.5 g/m z of methotrexate (MTX) was rapidly infused when 

alkalinisation of urine was reached following a 6-h infusion of 1 1 
of sodium bicarbonate 1.4%. 1 h after MTX, 5-FU was given 
intravenously also in a dose of 1.5 g/m z, followed by 2 1 of 
sodium bicarbonate (1.4%) over 4 h. Starting 24 h after MTX, 
leucovorin was given orally in a dose of 15 mg/m 2, every 6 h for 
2 days. Prednisone, 40 mg/m 2 orally, was started 24 h after 
MTX and given for 14 consecutive days. On day 14 doxorubicin 
50 mg/m 2 and vincristine 1.0 mg/m z for a maximum dose of 
2 mg were given. Courses were repeated after 4 weeks, for a total 
number of 6. 

Dose adjustment was done by postponing treatment until 
leucocytes were above 3.0 x 109/1 and thrombocytes above 
120 x 109/1. Dose reduction, 25% of responsible drugs, was 
given in case toxicity of grade 3 or 4 (WHO criteria) [19] of vital 
extramedullary organs in the previous course. After completion 
of remission induction chemotherapy, patients were restaged. 

Patients with marrow invasion after induction chemotherapy 
were excluded for intensification. 

In patients who obtained a complete remission and in those 
patients who had no evidence of disease after six courses of 
induction chemotherapy, bone marrow was harvested in a 
minimal amount of l × 108 cells/kg body weight. These patients 
received 7 g/m 2 of cyclophosphamide divided over 3 consecutive 
days. Mesna was given in a dose of 50% of the cyclophosphamide 
dose. Etoposide, 1.5 g/m z, was divided over six equal doses and 
given at 12-h intervals during the same 3 days. 

Bone marrow was reinfused on the 7th day after the start of 
ablative chemotherapy. Patients were treated in a single room, 
without isolation procedures. 

After complete recovery of bone marrow, tamoxifen was given 
in a dose of 20 mg/day for a period of 2 years. 

In case of voluminous locations of disease at the start of 
treatment, as is the case in patients with T4 breast cancer who 
have not undergone surgery, irradiation followed the intensifi- 
cation regimen. In T4 tumours a minimal tumour dose of 60 Gy, 
during 6--7 weeks, was applied. In case of bulky metastatic 
disease prior to treatment an appropriate irradiation field to 
osseous metastases and/or positive lymph nodes was given and 
here the minimal tumour dose was 45 Gy in 5 weeks. 

Those patients who still had evidence of disease after six 
induction courses were treated with the best treatment option 
available tailored to the individual need of the patient. 

Response criteria 
The WHO criteria were used. By these criteria patients with 

pleural effusion only or bone metastases only were not evaluable 
for response [20]. 

Survival was determined from the start of treatment till 
death, time to disease progression from start of treatment till 
progression. No evidence of disease required the absence of 
clinical signs and symptoms of cancer, negative double sided 
iliac crest biopsy, no evidence of tumour on bone scan or negative 
biopsy or fine needle aspiration of remaining hot spots. Negative 
liver echography and chest X ray were required and negative 
fine needle aspiration or biopsy of T4 turnouts. 

RESULTS 
From 1986 to 1989 56 women have been entered into this 

study. Their mean age was 40 years, range 27-52. Their survival 
is shown in Fig. 1. 

14 patients had T4 breast cancer, all of them with skin 
infiltration. 7 of them were classified as having inflammatory 
breast cancer. 

14 patients had N3 lymph node metastases and 28 had 
metastatic cancer. 1 of those 28 also had a T4 tumour. Major 
locations of tumour in these patients with metastatic disease 
were lung in 6 patients, liver in 7, bone in 14, soft tissue 1, 
lymph nodes in 4 patients. 9 patients were found to have bone 
marrow involvement on bilateral iliac crest biopsy. 

From the 56 patients treated with remission induction, 20 are 
not evaluable for response, because of initial surgical treatment 
of stage IIIb tumours (12 patients) or not evaluable metastatic 
disease, 36 are evaluable for response. The overall response 
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Table 1. Treatment results of induction chemotherapy prior to 
intensification and A B M  T 

Stage Number Evaluable CR PR PD 

N3 14 6 6 
T4 14 10 6 4 
IV 28 20 7 11 2 

Complete response (CR) 52%; partial response (PR) 42%; PD, 
progressive disease. 

rate of the remission induction regimen is 94%, the complete 
response rate is 52%. Results per stage are given in Table 1. 

The 9 patients who started with bone marrow involvement 
had a repeat biopsy after six courses; in 5 patients no tumour 
invasion could be detected any more. Complete responses of T4 
tumours were confirmed histologically. 

In 32 patients who had no evidence of disease after induction 
chemotherapy bone marrow was harvested. These patients 
received the intensification regimen with reinfusion of autolog- 
ous marrow. All patients with locally advanced disease and 2 
with stage IV received additional irradiation subsequently. Of 
these 32 patients, 11 had N3 turnouts, 8 had T4 tumours and 13 
had metastatic disease. 

In the 19 patients with locally advanced disease who received 
the intensification programme, the median observation time is 
48 months; 8 patients had relapsed, 4 of 8 with T4 tumours. 11 
(58%) patients are disease-free. Relapse occurred after a median 
36 months, range 16-53 months. 6 of these 8 patients have died; 
median survival after relapse was 7 months. 

Of the 13 padents with metastatic disease who received the 
intensification programme, 12 have relapsed, and of these 11 
have died. Median disease-free survival was 15 months, median 
survival 27 months. 1 patient survives with no evidence of 
disease after 41 months. Median survival after relapse is 8 
months. The time to disease progression is shown in Fig. 2. 

Of the patients who did not receive intensification, 5 patients 
with locally advanced disease had no evidence of disease after 
induction chemotherapy but refused intensification (2 patients) 
or had concomitant medical or psychological problems (3 
patients). 3 of these 5 patients have relapsed. 

Of 15 patients with metastatic disease who still had evidence 
of disease after induction, 12 have died, with a median survival 
of 15 months (6-54+). 
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Fig. 2. T ime  to progression of  19 patients with locally advanced 
disease (LAD)  and of  13 patients with disseminated disease ( M + )  

receiving the intensification programme. 

Toxicity 
Induction regimen. In 2 patients treatment was stopped dur- 

hag induction therapy: 1 patient discontinued therapy because 
of subjective toxicity, in the other patient treatment was stopped 
because of severe cerebellar ataxia, which slowly resolved after 
stopping chemotherapy. In 4 other patients mild symptoms of 
cerebellar toxicity developed, in 1 patient this required dose 
adjustment of 5-FU. 

In addition, 1 patient developed symptomatic cytomegalo- 
virus infection, 1 patient had pulmonary embolism, and 2 
had peripheral thrombosis. Common toxicities occurring in all 
patients were conjunctivitis, oral mucositis, grade 2-3, and 
leukopenia grade 2-3. No clinical symptoms of cardiac toxicity 
or peripheral neuropathy were evident. 

Intensification regimen. All patients experienced a period with 
lowered numbers of leucocytes or granulocytes. The median 
duration of the period with leucocytes below 1.0 x 109/1 was 16 
days (range 9-22) and with thrombocytopenia below 40 x 109/1 
was 13 days (range 8-18). Thrombocytes were kept above a level 
of 20 x 109/1 by platelet transfusion. One or more episodes of 
fever occurred in all patients. Median number of days with 
axillary temperature > 38°C was 9. Blood cultures were positive 
in 8 patients, 2 patients died from pulmonary infection; in 
addition, infection was considered life threatening in 2 patients. 
Moderate to severe nausea and vomiting occurred in all patients 
on the days of chemotherapy. 

The main subjective toxicity was oral mucositis grade 3, in all 
patients. No bleeding incidents occurred and none of the patients 
experienced haemorrhagic cystitis or symptoms of cardiac tox- 
icity. 

DISCUSSION 
The choice of drugs in the remission induction treatment in 

this study was dictated by the wish to avoid development of 
resistance to the agents used in intensification. Clearly the 
regimen leads to a large number of complete remissions, at the 
cost of considerable but not life-threatening toxicity. 

The use of etoposide in the intensification was promoted by 
our experience in a dose escalation study of etoposide that 
suggested activity of that agent at high doses, as two clinical and 
one partial response occurred in breast cancer patients with end- 
stage disease [21]. 

The optimal moment of administering ablative intensification 
therapy is probably in the situation of no evidence of disease, 
and the best candidates to receive such treatment are patients 
who have demonstrated sensitivity to chemotherapy. All patients 
with metastatic disease who went into our intensification pro- 
gramme had shown disappearance of tumour, but some padents 
with locally advanced disease had prior surgery of all tumour, so 
tumour sensitivity was not demonstrable in these patients. 

The main problem with applying intensive chemotherapy, 
especially in a situation of no evidence of disease, is the substan- 
tial toxicity inherent to such regimens, especially the risk of 
toxic death [22, 23], as evidenced in 2132 patients in this study. 
Kennedy recendy accumulated data from four studies aimed at 
intensification after induction treatment; from the 160 patients 
in these studies 10% died from treatment [24]. These events are 
usually due to granulopenic infection, a problem that can now 
be coped with better using granulocyte growth factors alone or 
in combination with blood stem cell harvesting and reinfusion. 

The results of the regimen described here are, as far as 
metastatic disease is concerned, conclusive. Clearly, a median 
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time to relapse of 15 months is insufficient for such intensive 
treatment. Vincent et al. [25] also found no prolonged survival 
from intensification with one alkylator, high-dose melphalan, 
in patients responding to conventional induction. However, 
Williams et al. [26], Kennedy et al. [24] and Dunphy et al. [27] 
using intensification based on two alkylators also report median 
time to progression of 10-13 months. 

In studies of the type reported here approximately 10% of 
patients remain disease free for a prolonged period of time. 
Although 5-year survival was found in between 2 and 18% [28], 
in a recent overview of conventional chemotherapy prolonged 
disease-free survival is rare outside an intensification study. 

The perspective for the regimen in locally advanced disease is 
somewhat brighter. After 4 years median observation, 58% of 
patients remain free of disease (95% confidence level 33-80%). 
However, it is difficult to attribute this result to any one part of 
the regimen, as 2 out of 5 patients who were in complete 
remission but who did not receive intensification also survive 
disease free for 44+ and 36+ months. The long-term (5-year) 
disease-free survival of this locally advanced group of patients is 
reported to be around 30% after treatment with a combination 
of surgery, chemotherapy and radiotherapy [29-32]. Therefore, 
proof of superiority of intensification has to await comparative 
studies. 

At present the best intensification regimen for patients with 
surgically incurable breast cancer has not been determined, it 
seems unlikely that any regimen so far available will substantially 
improve the chances of disease-free survival for the majority of 
patients. A goal for the future will be to determine subgroups of 
patients that might benefit from intensification, and to limit 
toxicity further to an acceptable level. 
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