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Summary. Fifteen patients with advanced breast cancer 
who had achieved either a good partial or a complete re- 
sponse to conventional chemotherapy were selected to re- 
ceive intensification treatment with high-dose melphalan 
140-200 mg/m 2 (HDM). All patients received autologous 
bone marrow rescue. All patients experienced marked hae- 
matological toxicity, and most experienced moderate or 
mild gastrointestinal side effects. There were three treat- 
ment-related deaths. Of twelve assessable patients eleven 
have relapsed; median time to relapse after HDM is 7 
months. Nine of these eleven have died from recurrent 
breast cancer. Of the three patients remaining alive, only 
one is disease-free, at 18 months after HDM. Analysis of 
the pattern of metastatic relapse suggests that recurrence 
was due to failure of HDM to eradicate residual disease in 
the patient, rather than reinfusion of viable tumour cells. 
Treatment intensification with HDM has not succeeded in 
prolonging survival in patients already in good remission. 

Introduction 

Conventional combination chemotherapy induces a signif- 
icant proportion of remissions in advanced breast cancer. 
These responses are frequently short-lived, and patients 
generally relapse between 6 and 13 months later [7]. Con- 
tinuation of conventional chemotherapy after response has 
not been shown to be successful in maintaining remission 
or prolonging survival [13]. 

It is possible that intensive treatment may eradicate 
small tumour residua in patients with good responses to 
conventional doses of cytotoxic drug combinations. 
Hence, we selected 15 such patients in complete or good 
partial remission for further treatment with high-dose mel- 
phalan (HDM). The dose of melphalan necessitated subse- 
quent rescue with autologous bone marrow [9]. 

Patients and methods 

The 15 patients studied (Table 1) were selected from a pool 
of 128 who had received conventional chemotherapy at the 
Royal Marsden Hospital, Sutton, between September 1982 
and November 1984. Eligibility was based on informed 
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consent, a partial or complete response to chemotherapy, 
age less than 60 years, an histological diagnosis of breast 
cancer, and general medical fitness; patients who had 
significant renal or hepatic disorders or who had experi- 
enced frequent marrow depression during induction were 
excluded. 

Staging procedures, performed on all patients before 
and after conventional chemotherapy, included clinical 
examination, liver scan/ultrasound, chest X-ray, bone 
scan, skeletal survey (if the bone scan was positive), full 
blood count, biochemical profile and bone marrow aspi- 
rate and trephine. 

The median age was 49 years (range 29-59); 8 patients 
were premenopausal. The ER status was known in 13 pa- 
tients (6 positive, 7 negative). At the start of chemotherapy, 
4 had pulmonary involvement, 8 had hepatic metastases, 8 
had soft tissue disease, 4 had bone metastases and 1 had a 
cerebral secondary. Complete response was achieved by 7, 
and partial response also by 7; 1 patient with minimal 
bone disease and a pleural effusion, which were also local- 
ly treated, was not formally assessable for response. 

The overall treatment plan is summarised in Fig. 1, and 
details are as follows: 

Conventional chemotherapy. Each patient was allocated to 
one of three first-line chemotherapy regimens. These were 
four to seven 3-weekly cycles of vincristine, 1.4 mg/m 2 i.v., 
adriamycin 60mg/m 2 i.v., and either 5-fluorouracil 
750 mg/m 2 i.v. (VAF: 4 patients) or cyclophosphamide 
750 mg/m 2 i.v. (VAC: 8 patients); or 3-weekly cycles of 
melphalan 6 mg/m 2 p.o., methotrexate 35 mg/m 2 i.v., and 
mitomycin C 8 mg/m 2 i.v., with the last omitted every al- 
ternate cycle (MMM; 3 patients). 

An inadequate response resulted in a change to one of 
the other protocols; two MMM patients required further 
therapy with VAF (6 cycles) and VAC (8 cycles), respec- 
tively. Appropriate modifications were made for marrow 
depression. 

High-dose melphalan. Four weeks after the last course of 
chemotherapy patients received HDM by i.v. bolus injec- 
tion. Doses administered were 140mg/m 2 (1 patient), 
180 mg/m 2 (2 patients) and 200 mg/m 2 (12 patients). In 
three cases this was preceded by a small "priming" dose of 
cyclophosphamide (300 mg/m2). The full technique is de- 
scribed elsewhere [9], and the rationale for priming has 
been discussed by Millar and McElwain [10]. 
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Table 1 

Unique Age and 
number menopausal 

status at 
presenta- 
tion 

Age and ER Induc- Re- 
menopausal status tion sponse 
status at and chemo- 
time of titre therapy 
HDM 

HDM Marrow Cyclo- Timeto Status Cause of 
dose process- prim- relapse and time death 
(mg/m 2) ing ing post to death 

HDM or last FU 
(months) (months) 

1 40 (PRE) 

2 50 (POST) 

3 39 (PRE) 

4 59 (POST) 

5 34 (PRE) 

6 48 (PRE) 

7 27 (PRE) • 

8 46 (PRE) 

9 54 (POST) 

10 38 (PRE) 

11 56 (POST) 

12 36 (PRE) 

13 55 (POST) 

14 36 (PRE) 

15 47 (PRE) 

43 (PRE) POS M M M x 4  NC 
30 VAF x 6 CR 

50 (POST) POS MMMx6 NC 
15 VAC × 3 PR 

48 (POST) POS MMM x6 CR 
15 

59 (POST) NEG VAC x 6 CR 

34 (PRE) NEG VAC × 6 CR 

51 (POST) NEG VAC×7 PR 

29 (PRE) NEG VAF× 5 CR 

49 (PRE) ? VAF x 4 N /A 

54 (POST) NEG VAC x7 PR 

39 (PRE) POS VAC x 5 PR 
18 

59 (POST) NEG VAC x 5 PR 

39 (PRE) POS VAC × 6 CR 
42 

59 (POST) POS VAC × 5 PR 
31 

38 (PRE) NEG VAFx 5 CR 

50 (PRE) ? VAF x 6 PR 

180 No No 7 Dead Recurreent 
10 disease 

200 Yes No N/A Dead Septicaemia 
< 1 while 

pancytopenic 

140 Yes No N/A Dead Failure of 
4 engraftment 

180 No No 11 Dead Recurrent 
11 disease 

200 No No 2 Dead Recurrent 
6 disease 

200 No No 2 Dead Recurrent 
12 disease 

200 Yes No 2 Dead Recurrent 
9 disease 

200 No Yes N/A Alive, - 
disease-free 
24 

200 No No N/A Dead Cerebral 
< 1 toxicity 

200 No Yes 4 Dead Recurrent 
12 disease 

200 No No 13 Alive, further - 
chemotherapy 
23 

200 Yes Yes 12 Dead Recurrent 
14 disease 

200 Yes No 7 Alive, further - 
chemotherapy 
15 

200 Yes No 7 Dead Recurrent 
10 disease 

200 Yes No 8 Dead Recurrent 
9 disease 

4-7 courses conventional 

with or without crossover 

VCR 1.4mg/m 2 VCR 1.4mg/m 2 Melph 6mg/m 2 

ADR 60mg/m 2 ADR 60mg/m 2 MTX 35mg/m 2 

5FU 750mg/m 2 Cyclo 750mg/m 2 Mito 8mg/m 2 

Optional "Cyclo-priming" 

4 weeks 
V 

+/_ Cyclophosphamide 300 mg/m 2 

I 

i week 

Melphalan 140-200 mg/m 2 

(3 pts) 

Fig. 1. Summary of overall treatment plan. VCR, Vineristine; 
ADR, adriamycin; 5FU, 5-Fluorouracil; Cyclo, cyclophopha- 
mide; Melph, melphalan; MTX, methotrexate; Mito, mitomy- 
cin-C 

Autologous bone marrow rescue. All patients underwent  au- 
tologous bone marrow harvest under  general anaesthetic 
on the same day as receiving HDM.  Bone marrow was 

kept at 4 ° C and reinfused i.v. over 4 h, starting 14 h after 
the administrat ion of  melphalan.  Aliquots of  marrow, ex- 
amined histologically for involvement  by tumour  cells, 
were negative in all cases. To remove any infiltrating tu- 
mour  cells [1, 3, 4, 5, 1 1], whole marrow was processed in 
vitro (7 patients only) with the monoclonal  antibody Fib 75 
(with rabbit complement :  2 patients; FibVS-Abrin conju- 
gate: 5 patients), as described previously [1, 5]. Processing 
of  marrow with complement  led to unacceptable damage 
to colony-forming cells and was abandoned in favour  of  
Fib7tAbrin .  Where possible, between one-third and one- 
half  of  the marrow was cryopreserved as a back-up. Cellu- 
larity of  marrow returned to the patients ranged between 2 
and 5 x 108 per kilogram of body weight. 

Response and toxicity. Tumour  response (complete or CR, 
partial or PR) was defined according to U I C C  criteria [6]. 
Toxicity was graded according to the standard W H O  crite- 
ria [14]. 



Resul ts  

Response to conventional chemotherapy 

Eight  pat ients  rece ived  V A C  as f i rs t- l ine c h e m o t h e r a p y ;  
three  o f  these ach ieved  C R  and  f ive ach ieved  PR. T w o  o f  
f o u r  V A F  rec ip ients  ach ieved  a CR,  whi le  one  o ther  
a ch i eved  a PR;  one  was no t  eva luab le  because  o f  local  
t r ea tments  to bo th  k n o w n  sites o f  disease.  O f  the  three 
M M M  pat ients ,  one  ach ieved  a C R  and  the o ther  two stabi- 
l i sed;  one  o f  these two went  on  to rece ive  V A C ,  ach iev ing  
a PR,  and the o ther  r ece ived  V A F  with  a resul t ing CR.  
Thus  there  were  even tua l ly  seven  pat ients  wi th  a C R ,  sev- 
en wi th  a P R  and  one  u n e v a l u a b l e  pa t i en t  wi thou t  evi- 
dence  o f  disease activity.  

Relapse after HDM 

O f  the 12 eva luab le  pat ients ,  11 re lapsed  af ter  H D M .  Me-  
d ian  t ime  to re lapse  was 7 months ,  with a range  o f  2 - 1 3  
months .  The  o ther  pa t ien ts  i n c l u d e d  3 w h o  d ied  f rom the 
p r o c e d u r e  and  were  no t  assessable  in this respect .  O n e  o f  
these,  who  d ied  4 m o n t h s  after  H D M ,  had  poss ib ly  v iab le  
t u m o u r  in the  l iver  at pos t  mor t em.  A single pa t i en t  
(case 8) is a l ive and  d isease- f ree  at 18 months .  
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There  was no d i f fe rence  in the t ime to re lapse  be tween  
those  rece iv ing  an t i body -p roces sed  m a r r o w  (average  6 
months ,  range  2 - 8  months )  and  those  rece iv ing  unp ro -  
cessed m a r r o w  (average  7 months ,  r ange  2 - 1 3  months) .  
The re  was also no s igni f icant  d i f fe rence  in t ime  to re lapse  
be tween  those  ach iev ing  C R  after  i nduc t ion  c h e m o t h e r a p y  
(average  7 months ,  r ange  2 - 1 2  months )  and  those  achiev-  
ing  P R  (average  7 months ,  r ange  2 - 1 3  months) .  

The  site d is t r ibu t ion  by cl inical  s taging and,  in two 
cases, at post  mor t em,  is i l lus t ra ted in Tables  2 and  3. In  

Table 2. Patterns of metastatic relapse in patients receiving anti- 
body processed marrow compared with those receiving unpro- 
cessed marrow. Number outside brackets represent unique num- 
bers, numbers within brackets are subtotals. (Eleven patients as- 
sessable) Differences are not significant 

Same Same plus Other 
site(s) other site(s) 
only only 

Marrow processed (4) 15 (1) 7, 13, 14 (3) - (0) 

Not processed (7) 1 (1) 4, 5, 6, 10, - (0) 
11, 12 (6) 

Table 3. Extent of metastatic relapse in eleven evaluable patients 

Local Bone Lung Pleura Liver CNS Other Comment 

1. PRE + + 0 0 + 0 0 Same site only 
RELAPSE + + 0 0 + 0 0 
PM N / A  N / A  N / A  N / A  N / A  N / A  N / A  

4. PRE + 0 0 + 0 0 0 Same plus other 
RELAPSE + 0 0 0 0 + + 0 
PM Yes No Yes Yes Yes Yes Yes 

5. PRE + + 0 0 + 0 + Same plus other 
RELAPSE 0 + 0 0 + + + + + 
PM N / A  N / A  N / A  N / A  N / A  N / A  N / A  

6. PRE + 0 0 + 0 0 + Same plus other 
RELAPSE + + + + 0 + + 0 0 + 
PM N / A  N / A  N / A  N / A  N / A  N / A  N / A  

7. PRE + 0 0 0 0 0 0 Same plus other 
RELAPSE + 0 0 + + 0 + + 0 
PM N / A  N / A  N / A  N / A  N / A  N / A  N / A  

10. PRE 0 + 0 0 + 0 0 Same plus other 
RELAPSE 0 + + 0 + + + 0 + + 
PM N / A  N / A  N / A  N / A  N / A  N / A  N / A  

11. PRE 0 + + + 0 0 0 Same plus other 
RELAPSE 0 + + + + + 0 0 0 
PM N / A  N / A  N / A  N / A  N / A  N / A  N / A  

12. PRE 0 0 0 0 + 0 0 Same plus other 
RELAPSE 0 + + 0 0 + 0 0 
PM No Yes Yes Yes Yes No Yes 

13. PRE 0 0 0 0 + 0 0 Same plus other 
RELAPSE 0 0 0 + + + + 0 0 
PM N / A  N / A  N / A  N / A  N / A  N / A  N / A  

14. PRE 0 0 0 0 0 0 + Same plus other 
RELAPSE 0 + + + + + + 0 0 + + 
PM N / A  N / A  N / A  N / A  N / A  N / A  N / A  

15. PRE 0 + 0 0 + 0 0 Same site only 
RELAPSE 0 + 0 0 + 0 0 
PM N / A  N / A  N / A  N / A  N / A  N / A  N / A  

PRE, Before induction chemotherapy; RELAPSE, clinical evaluation at relapse after HDM; PM, post mortem; + ,  positive; + + ,  new 
lesions; 0, no disease evident 
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every patient who experienced relapse, all, or nearly all, 
sites that had been involved prior to HDM exhibited dis- 
ease activity at recurrence. Most patients (9/11) in addi- 
tion relapsed at other, new sites; only two patients re- 
lapsed in the same site(s) only. No patient relapsed in a 
new site only. 

Of the nine patients who relapsed in the "same plus 
other" category, three had received antibody-processed 
marrow and six had not; this difference is not significant. 
There was no difference in the number of individual le- 
sions between these two subgroups insofar as this could be 
assessed. Of the two in the "same site only" category, one 
had received processed marrow and the other had not. The 
single patient who is alive and disease-free received unpro- 
cessed marrow. 

Survival and cause of  death, after HDM 

Twelve patients have died since receiving HDM. Three of 
these deaths were attributable to the procedure; two died 
after prolonged periods of pancytopenia and the third, 
who had had cranial irradiation 6 months prior, died from 
massive cerebral necrosis in less than 1 month. The other 
nine deaths were caused by recurrent breast cancer. 

There were no major differences in the likelihood, or 
length, of survival in the marrow-processed versus the 
non-processed group. One of the two patients who died 
from pancytopenia received marrow processed by comple- 
ment as well as antibody. Antibody-toxin conjugates have 
since been used, with no significant delay in bone marrow 
recovery. One patient died whilst pancytopenic from over- 
whelming infection uncontrolled by antibiotics. Both had 
received MMM induction chemotherapy. 

Only one marrow-processed patient is alive, and she 
continues to receive chemotherapy following a relapse at 7 
months. Two further patients are alive in the non-pro- 
cessed group; one is disease-free (18 months) and the 
other, alive at 23 months, is receiving chemotherapy after 
relapsing at 13 months. Overall median survival is 12 
months (Table 4). 

Survival, measured from the start of conventional che- 
motherapy, is no different in these HDM patients than in 
all those patients who achieved a CR or PR with conven- 
tional chemotherapy without HDM intensification (Fig. 2). 

Table 4. Survival after HDM as a function of marrow processing 
with antibody a 

Processed  Non-processed 
marrow marrow 

Total number 6 9 
Deaths (total): 5 7 

Deaths from 2 (pancytopenia)b 1 (cerebral necrosis) 
procedure 
Deaths from 3 6 
recurrent disease 

Median survival 9 months 12.5 months 

a One patient (case 12) in whom engraftment with processed 
marrow failed received back-up unprocessed marrow at 3 weeks; 
she is included in the "non-processed" group 
b One of these two received marrow processed with complement 
and antibody 
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Fig. 2. Survival of HDM intensified patients ( - )  compared with 
survival of good chemotherapy responders not receiving HDM 
(...). Difference is not significant. (P >0.1) 

Response to subsequent treatment 

Four patients (cases 6, 1 I, 12 and 13) have had further sys- 
temic treatment following relapse after HDM. One (ER+)  
experienced a transient PR to tamoxifen combined with 
CMF. Another ( E R - )  was resistant to tamoxifen and 
methotrexate. A third achieved a PR and a fourth has sta- 
bilised on MMM. 

Toxicity 

Severe (WHO grade IV) neutropenia occurred in all pa- 
tients. Peripheral leucocyte counts fell to less than 
500/mm 3 (median) day 7 (range day 6-8) after treatment. 
Leucocyte counts rose to greater than 500/mm 3 on (medi- 
an) day 15 (range day 13-16) in the group receiving un- 
processed marrow, and on (median) day 16 (range day 
14-24) in the group receiving marrow processed with the 
antibody-toxin conjugate. The processed marrow group 
did not experience a significant prolongation in the dura- 
tion of leucopenia. Figures for the 1000/ram 3 leucocyte 
level reflect a similar pattern (Table 5). 

A platelet nadir of less than 25 000/mm 3 (WHO grade 
IV) occurred in all patients (Table 6). The median nadir 
for the processed group was 9000/mm 3 (range 
4000-13000/mm 3) and that for the unprocessed group 
was 11000/mm 3 (range 4000-13 000/mm3). The median 
duration of thrombocytopenia (less than 100000/mm 3) 
was 23 days for the unprocessed group (range 17-50 days) 
and 28 days for the processed group (range 21-36 days). 
In all 15 patients prophylactic platelet transfusions were 
given. 

Nausea and vomiting occurred in two-thirds of these 
patients, but was severe (WHO grades 3 and 4) in only 
two. It usually lasted 48 h. Anorexia and stomatitis oc- 
curred in similar proportions of patients (67% and 80%, re- 
spectively). Stomatitis tended to appear between days 5 
and 8 and usually lasted about 7-10 days. Diarrhoea, ex- 
perienced by 74%, appeared a few days after treatment 
and lasted about 7-10 days. Non-haematological toxicity 
is detailed in Tables 7 and 8. 
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Table 5. Haematological toxicity after HDM: leucocyte depression in all patients and marrow processed a and non-processed subgroups. 
(Time in days) Differences are not significant 

Time to <0.5 x 109/1 Duration <0.5 x 109/1 Time to < 1 x 109/1 Duration < 1 x 109/1 

All Pro- Non- All Pro- Non- All Pro- Non- All Pro- Non- 
patients cessed processed patients cessed processed patients cessed processed patients cessed processed 

Median 7 7 7 8 10 8 7 7 7 14 13 13 
Range 6 - 8  6 -8  6 - 8  5-17 5-17 6-10  5 -8  5 -8  5 -8  18-22 8-22 11-17 

~' Two patients receiving complement- and antibody-processed marrow have been excluded 

Table 6. Haematological toxicity after HDM: platelet depression in all patients and in marrow-processed a and non-marrow-processed 
subgroups. (Time in days) Differences are not significant 

Time to < 100 x 109/1 Duration < 100 x 109/1 Nadir 

All Processed Non- All Processed Non- All Processed Non- 
processed processed processed 

Median 6 6 7 24 28 23 9 9 11 
Range 4 -  10 4 - 9  5 -  10 17-50 21-36 17-50 4-20 4 -  13 4-20  

a Two patients receiving complement- and antibody-processed marrow have been excluded 

Table 7. Gastrointestinal toxicity in 15 patients 
Toxicity (WHO grade) 

Table 8. Other non-haematological toxicity, adverse effects 

Infection: pyrexia 12 (80%) 
1-2  3 - 4  Total positive culture 1 (7%) 

Purpuric rash 4 (27%) 
Nausea, vomiting 8 2 10 (67%) Peripheral oedema 2 (14%) 
Anorexia 7 3 10 ( 6 7 % )  Hypertension 3 (20%) 
Stomatitis 7 5 12 ( 8 0 % )  Pneumothorax 1 (7%) 
Diarrhoea 7 4 11 (74%) Grand mal fits 1 (7%) 

The major i ty  (80%) of  pat ients  exper ienced sustained 
pyrexia ,  which was p rompt ly  t reated by a combinat ion  of  
broad-spec t rum antibiotics.  In only one pat ient  was a posi- 
tive b lood  culture obtained.  Various other adverse effects 
were found in a minor i ty  of  pat ients  (Table 8). 

None  of  the three patients who received a pr iming 
dose of  cyc lophosphamide  exper ienced severe gastrointes- 
t inal  side effects, and  only one of  them exper ienced diar-  
rhoea (versus 74% for the group as a whole). Haematologi -  
cal toxicity was not different  in the p r imed  and non- 
p r imed  groups. 

D i s c u s s i o n  

This study demonstra tes  the feasibili ty of  giving high-dose 
chemotherapy  to selected patients with advanced  breast  
cancer  at the t ime of  their best response to convent ional  
chemotherapy.  Mostly,  side effects and  compl ica t ions  
were treatable.  We believe that  two of  the three procedure-  
related deaths were avoidable .  One patient ,  who had  a 
cerebral  death,  had had whole-brain  rad io therapy  6 
months before. In  the other case death was caused by fail- 
ure of  engraftment,  related to a par t icular  technique of  
marrow processing (with an t ibody  and complement)  
which was rap id ly  abandoned .  In both cases where death 
was caused by pancytopenia ,  the M M M  combina t ion  had 
been used during induction.  This combinat ion  may well be 
too myelosuppressive for bone  marrow to be used for sub- 
sequent autoreconsti tut ion.  

Successful engraf tment  was observed in five of  seven 
pat ients  who received in vitro ant ibody-processed  marrow. 
This technique did not  pro long the t ime to haematologicat  
recovery, but  given the lack of  survival benefit ,  requires 
more just if icat ion than this s tudy provides.  

It is also worth noting that in the three patients who re- 
ceived a pr iming dose of  cyc lophosphamide  1 week pr ior  
to HDM,  gastrointest inal  side effects were mild or non-ex- 
istent. 

When the survival of  the 15 H D M  patients is com- 
pared  with that of  a previous group of  chemotherapy re- 
sponders  who did not receive high-dose late intensif icat ion 
it is evident  that no benefit  has resulted from HDM.  Given 
that  these patients were selected on the basis of  an excel- 
lent response to convent ional  chemotherapy,  the almost  
universal  recurrence of  widespread,  usually fatal breast  
cancer  within a short t ime is a major  d isappointment .  (In 
the single pat ient  who is alive and disease-free, radiother-  
apy  and intrapleural  chemotherapy were also given to all 
known sites of  disease before HDM.  It is possible that 
these were the only sites of  disease.) The question is wheth- 
er these relapses resulted from a failure of  H D M  to eradi- 
cate residual disease in the pat ient  or from the reinfusion 
of  contaminated  marrow at autotransplant ,  or both. We 
believe the pat tern of  metastat ic  relapse is instructive. 

Relapse could have occurred in the same sites only, 
other sites only,  or the same plus other sites. The recurrent  
disease faithfully reappeared  in the p r e - H D M  sites in vir- 
tual ly every site in every patient.  No patient  re lapsed at 
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"other  sites" only. This pat tern does not  support  the expla- 
nat ion that reseeding by contaminated  marrow is the sole 
cause of  relapse;  rather, fai lure to eradicate disease by 
H D M  is the main or only explanat ion.  Further  evidence is 
p rovided  by the similari ty in relapse pat tern between the 
marrow processed and the non-processed group. I f  recon- 
taminat ion  had been significant,  there would presumably  
have been more multiple-si te relapses in the non-processed 
group. This would only have become evident  had our pa- 
tients survived longer;  we cannot,  therefore, draw any 
conclusions about  marrow processing. 

Most  patients relapsed in the "same plus other" catego- 
ry. These "other"  sites presumably  resulted from pre-exist- 
ing micrometastases which HDM,  by inference, was also 
not  able to eradicate at this dose level. This interpreta t ion 
does not  support  the use of  H D M  (200 m g / m  2) in an adju- 
vant  setting. 

In this series, drug resistance is the only tenable expla- 
nat ion for failure. The low rate and short durat ion of  re- 
sponse of  advanced breast  cancer to normal-dose  melphal-  
an [2], coupled with the very poor  results obta ined with 
H D M  as first-line t reatment  (I. E. Smith, personal  commu- 
nication),  lead to the conclusion that breast  cancer  is in- 
herently quite insensitive to this drug. We were unable  to 
overcome this, despite pr ior  debulking with convent ional  
drug combinat ions.  Indeed,  by pr ior  exposure of  the tu- 
mour  to a variety of  cytotoxic agents ( including melphalan  
itself in 3 patients,  cyc lophosphamide  in 9, 5-fluorouracil  
in 5 and v incr i s t ine /adr iamycin  in 14 patients),  we may 
have induced an addi t ional  element of  p leot ropic  acquired 
resistance, perhaps as described by Ling et al. [8] or 
Schmid et al. [12]. 

Four  of  the patients,  in relapse after HDM,  were 
judged  fit enough to receive further chemotherapy.  In two 
cases (possibly three) this was not  only feasible but benefi-  
cial. Whatever  the nature of  resistance to HDM,  it is drug- 
specific [12], or genetically unstable  or both;  earl ier  H D M  
is not  an absolute bar  to further successful combinat ion  
chemotherapy at convent ional  doses with agents like cy- 
c lophosphamide ,  methotrexate,  5-fluorouracil ,  mi tomycin 
C and perhaps even melphalan  itself. 

There is only a remote possibi l i ty that new combina-  
tions of  existing agents at convent ional  dose will cure ad- 
vanced breast  cancer. Cure will require either new agents 
or radical ly different ways of  using avai lable ones;  this lat- 
ter opt ion may be realized in terms of  higher dose. This 
study establishes the feasibili ty of  this approach ;  however,  
melpha lan  up to a dose of  200 m g / m  2 is by itself insuffi- 
cient. 

References 

1. Buckman R, Shepherd V, Coombes RC, McIlhinney RAJ, 
Patel S, Neville AM (1982) Elimination of carcinoma cells 
from human bone marrow. Lancet II: 1428-1430 

2. Canellos GP, Pocock S J, Taylor SG,111, Sears ME, Klaasen 
D J, Band PR (1976) Combination chemotherapy for metastat- 
ic breast carcinoma; prospective comparison of multiple drug 
therapy with L-phenylalanine mustard. Cancer 38" 1882-1886 

3. Dearnaley DP, Ormerod MG, Sloane JP, Lumley H, Imrie S, 
Jones M, Coombes RC, Neville AM (1983) Detection of iso- 
lated mammary carcinoma cells in marrow of patients with 
primary breast cancer. J R Soc Med 76:359-364 

4. Edwards DC (1983) Targeting potential of antibody conju- 
gates. Pharmacol Ther 23 : 147-177 

5. Forrester JA, McIntosh DP, Cumber A J, Parnell GP, Ross 
WCJ (1985) Delivery of ricin and abrin A-chains to human 
carcinoma cells in culture following conjugation to mono- 
clonal antibody LICR-LON-Eib75. Cancer Drug Delivery 1: 
283 -292 

6. Hayward JL, Carbone PP, Heuson J-C, Kumaoka S, Segaloff 
A, Rubens RD (1977) Assessment of response to therapy in 
advanced breast cancer. Cancer 39: 1289-1294 

7. Henderson IC (1984) Chemotherapy in advanced disease In: 
Bonnadonna G (ed) Breast Cancer: diagnosis and manage- 
ment. Wiley, Chichester, pp 247-280 

8. Ling V, Kartner N, Sudo T, Siminovitch L, Riordan JR 
(1983) Multidrug-resisitance phenotype in Chinese hamster 
ovary cells. Cancer Treat Rep 67:869-874 

9. McElwain TJ, Hedley DW, Gordon MY, Jarman M, Millar 
JL, Pritchard J (1979) High-dose melphalan and non-cryopre- 
served autologous bone marrow treatment of malignant mela- 
noma and neuroblastoma. Exp Haematol 7:360 

10. Millar JL, McElwain TJ (1985) The concept of priming. Eur J 
Cancer Clin Oncol 21 : 61 

11. Redding WH, Coombes RC, Monaghan P, Clink HM, Imrie 
SF, Dearnaley DP, Sloane JP, Gazet JC, Powles FS (1983) 
Detection of micrometastases in patients with primary breast 
cancer. Lancet II: 1271 - 1274 

12. Schmid TA, Otter GH, Stook CC (1980) Resistance patterns 
of Walker carcinosarcoma 256 and other rodent tumours to 
cyclophosphamide and L-phenylalanine mustard. Cancer Res 
40:830-833 

13. Smalley RV, Murphy S, Huguley CM Jr, Bartolucci AA 
(1976) Combination versus sequential five drug chemotherapy 
in metastatic carcinoma of the breast. Cancer Res 36: 
3911-3916 

14. World Health Organization (1979) WHO handbook for re- 
porting results of cancer treatment. WHO, Geneva (Offset pu- 
blication no. 48) 

Acknowledgements. The authors wish to thank Mrs. Jenny Eaton 
and Miss Alison O'Keeffe for their excellent secretarial assistance. Received October 7, 1986/Accepted November 2, 1987 


