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Summary. Since 1980, 75 patients with small-cell lung 
cancer (SCLC) have been entered into four consecutive 
studies of high-dose chemotherapy using autologous bone 
marrow transplantation (ABMT) to assist haematological 
recovery. In the first study, 25 patients were treated with 
cyclophosphamide (160-200 mg/kg) as the sole chemo- 
therapy; in the second (26 patients), the cycle of high-dose 
cyclophosphamide (with or without 800-1,200 m g / m  2 eto- 
poside) was repeated as induction treatment. In the first 
study, response was high [14 complete responses (CR), 
7 partial responses (PR)] but was not increased by repeat- 
ing the cycle (15 CR, 8 PR), and survival was slightly 
worse in the second trial. In the third study, 15 patients 
were treated with doxorubicin, vincristine and etoposide 
for two cycles and then with 200 mg/kg cyclophospha- 
mide. Although high-dose cyclophosphamide increased 
the complete response rate, the additional responses were 
short-lived. In the final study, an attempt was made to in- 
crease the initial CR rate by combination chemotherapy 
using carboplatin (400-600 mg/m2), etoposide (120 mg/  
m 2 × 4) and either high-dose cyclophosphamide (40 mg/kg 
× 4) or melphalan (140 mg/m2). Although all nine patients 
responded, none underwent a CR. The long-term survival 
(up to 7 years) does not appear to be different from that in 
comparably selected cases treated with conventional che- 
motherapy. 

ment ineffective, we began the third and fourth studies. In 
the third we used a brief initial treatment with two cycles 
of conventional chemotherapy without an alkylating 
agent, followed by high-dose cyclophosphamide, and in 
the fourth we used a single treatment with very intensive 
multiple agent therapy using the most active agents in the 
treatment of SCLC. 

In planning the third study we were aware that Smith et 
al. [7] had shown that after four cycles of chemotherapy, 
durable responses to high-dose cyclophosphamide had not 
occurred, and that other studies [4, 13] had not been espe- 
cially encouraging for the benefit of "late intensification". 
We wished to determine if a high proportion of durable re- 
sponses could be achieved after a very brief period of ini- 
tial treatment that might be expected not to confer drug re- 
sistance. The aim of the fourth study was to try to achieve 
a complete response (CR) rate close to 100% with initial 
high-dose therapy since, if responses of this order could be 
achieved, this might justify a randomised trial against con- 
ventional treatment. 

This report gives the results of all four studies, with a 
follow-up time of up to 7 years, and compares the results 
with those of cases selected for comparable prognostic fac- 
tors [11] from a randomised trial in which most of our pa- 
tients were entered over the same time. 

Introduction 

Small-cell lung cancer (SCLC) is among the most che- 
moresponsive of adult cancers, yet survival with modern 
combination chemotherapy regimens is disappointing and 
has shown little sign of improving in recent years. In 1979 
we started a programme of very intensive chemotherapy as 
initial treatment, using autologous bone marrow trans- 
plantation (ABMT) to lessen haematological toxicity. The 
initial studies used very high-dose cyclophosphamide first 
in one cycle and then, encouraged by the high response 
rate, in two cycles of treatment. These studies have previ- 
ously been reported [9, 10, 12]. Since the second study 
demonstrated a rapid development of resistance to the al- 
kylating agent, which made the second high-dose treat- 
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Patients and methods 

A total of 75 patients were entered into the studies. This 
represents a very highly selected group, since during this 
period the collaborating hospitals treated over 1,100 pa- 
tients in randomised trials. All of the patients had histo- 
logically proven SCLC. Staging procedures included chest 
X-ray, bronchoscopy, full blood count, tests of liver and 
kidney function, bone marrow aspiration and biopsy, iso- 
tope bone scan, liver ultrasonographic scan, computerised 
axial tomographic (CAT) scan of the thorax and abdomen 
to the pelvic brim. The intention was to treat only patients 
with negative bone marrow examinations and diesease 
confined to one hemithorax that could be included in a 
radiation field. All patients had a performance status 
ECOG) of 0 or 1. On review of CAT scans and ultrasono- 
graphic examinations, we found that three patients in trial 
1 had disease in the liver, as did one in trial 3. A subse- 
quent review of the bone marrow examinations revealed 
cells compatible with SCLC in one patient in trial 1. The 
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Table 1. Characteristics of the patients in each of the studies 

1 2 3 4 

Patients (n) 25 26 15 9 
Mean age 52 years 52 years 58 years 47 years 

(range) (32-69) (37-65) (35 -60) (38-64) 
Sex (men/women) 13/12 18/8 11/4 7/2 
Limited/extensive 21/4 26/0 14/1 9/0 
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Fig. 1. Plan of studies. HD, high-dose chemotherapy; R T, thoracic 
radiotherapy; arrows in study 3 indicate induction chemotherapy; 
O, time of response assessment 

characteristics of  the patients are outl ined in Table 1. In- 
formed consent was obtained after a very careful discus- 
sion with each patient  of  the risks and potent ial  benefits of  
the procedure.  

M e t h o d s  

The  plan of  the studies is shown in Fig. 1. Bone marrow 
was harvested from mult iple  il iac crest and sternal marrow 
sites and was cryopreserved,  and treatment  was started 
2 days later. The chemotherapy regimens were as out l ined in 
Table 2. For  studies 1 and 2, the t reatment  has previously 
been described [12]. In all studies where high-dose cyclo- 
phosphamide  was used, mesna (2-mercaptoethane sulpho- 
nate) was given concurrent ly at 66% of  the cyclophospha-  
mide dose. In study 3, patients received two cycles of  
50 m g / m  2 i.v. doxorubic in  on day 1, 2 mg i.v. vincristine 
on day 1, 120 m g / m  2 i.v. e toposide on days 1 -3 ,  with a 
3-week interval. Patients were reassessed for response after 
these two courses and were treated 3 weeks later with 
50 m g / k g  cyc iophosphamide  on days 1-4.  Mar row was 
harvested 2 days before the high-dose t reatment  and rein- 
fused 2 days after. In study 4 the aim was to achieve a CR 
rate approaching  100%. The first five patients received 
400-600 m g / m  2 carbopla t in  on day 1, 120 m g / m  2 i.v. eto- 
poside on days 2 - 5 ,  and  1 4 0 m g / m  2 i.v. melpha lan  on 
day 5. Since all patients obta ined only a part ia l  response 
(PR), we treated the next four patients with 40 m g / k g  i.v. 
cyc lophosphamide  on days 2 - 5  substituted for the mel- 

Table 2. Details of chemotherapy 

Drug Dose Patients Cycles 
(n) (n) 

Study 1 Cyclophosphamide 40 mg/kg i.v. x 4 9 1 
50 mg/kg i.v. × 4 16 

Study 2 Cyclophosphamide 50 mg/kg i.v. x 4 18 2 
Cyclophosphamide 40 mg/kg i.v. x 4 8 2 
and etoposide 400-600 mg/m 2 

over 2 days 

Study 3 Doxorubicin 50 mg/m 2 × 1 15 2 
Etoposide 120 mg/m 2 × 3 
Vincristine 2 mg x 1 
followed by 
Cyclophosphamide 50 mg/kg × 4 15 1 

Study 4 Carboplatin 400-600 mg/m z day ~ 9 1 
Etoposide 120 mg/m 2 days 2 -5  
either melphalan or 140 mg/m 2 day 5 
Cyclophosphamide 40 mg/kg days 2 -  5 

phalan.  These patients also obta ined only a good PR and 
the study was stopped.  

In each study a per iod  of  neut ropenia  fol lowed the 
high-dose procedure,  during which the pat ient  was barrier-  
nursed in a single room without laminar-f low air purif ica- 
tion. After  return to a normal  b lood  count, the pat ient  was 
discharged from hospital  and returned 2 weeks later for re- 
sponse assessment. The pat ient  then received thoracic  ir- 
radia t ion and prophylac t ic  cranial  i r radia t ion (PCI). In 
studies 1 and 2, the thoracic  dose was 40 Gy  in 20 fractions 
over 4 weeks. Since many tumours  recurred locally in 
those studies, in the next two studies the dose was in- 
creased to 54 Gy in 27 dai ly  fractions. The PCI dose was 
20 Gy  in 5 fractions over 8 days. 

Response was assessed after the high-dose t reatment  
before radiotherapy (see Fig. I). A CR indicated the disap-  
pearance  of  all signs o f  tumour  on chest X-ray and bron-  
choscopy. A PR was def ined as a shrinkage of  the tumour  
on chest X-ray such that the sum of  the two maximal  per- 
pendicular  diameters was reduced by at least 50%. All re- 
sponses had to be main ta ined  for at least 4 weeks. The pro-  
gression-free interval was the t ime from the start of  treat- 
ment  to the appearance  of unequivocal  signs of  tumour  
recurrence. In the first two studies, t reatment  on pro-  
gression involved 5 0 m g / m  2 cisplatin on day 1 and 
120 m g / m  2 etoposide on days 1-3 .  These drugs were also 
used in studies 3 and 4, but  haematological  toxicity often 
necessitated dose reduction.  

Resul t s  

Response to chemotherapy 

Table 3 shows the chemotherapy response in each of  the 
studies. The results for studies 1 and 2 have previously 
been repor ted  [12] and show an overall  response rate of  
84% and 88%, respectively. In study 2, al though some pa- 
tients with a PR after the first high-dose t reatment  became 
complete  responders ,  the overall  response rate was un- 
changed by the second dose. In study 3, 10 of  15 patients 
showed a response to the first two cycles of  convent ional  
chemotherapy (2 CR, 8 PR), and  4 of  the 8 patients obtain-  
ing a PR were complete  responders  after the high-dose 



Table 3. Response rates in each of the studies 

Study no. 1 2 3 4 

1st HD 2nd HD Post-INDPost-HD 

Patients (n) 25 26 23 15 15 9 
CR 14 8 15 2 6 0 
PR 7 15 8 8 4 9 
NR 4 1 1 5 3 0 
Death 0 2 1 0 2 0 

Response: 
(CR + PR) 21/25 23/26 23/26 10/15 10/15 9/9 

(84%) (88%) ( 8 8 % )  ( 6 7 % )  ( 6 7 % )  (100%) 

HD, high dose; IND, induction therapy 
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Fig. 2. A. Survival in studies 1 (continuous line) and 2 (dashed 
line). B. Survival in studies 3 (continuous line) and 4 (dashed line) 

procedure ,  the overall  response rate remaining unchanged  
(67% of  the entire group,  including 2 patients with treat- 
ment-re la ted deaths who were unassessable for response). 
In  study 4, none of  the patients had a C R  with either the 
melphalan-  or the cyc lophosphamide-conta in ing  regimen. 
All  patients responded,  usual ly with considerable  reduc- 
t ion of  the tumours on chest X-ray. 

Table 4. Survival (weeks) in each of the studies 

1 2 3 4 

Median survival 74 45 43 55 
Relapse-free survival 34 41 30 31 
Survival after relapse 30 10 11 18 
2-year survival 8/25 3/26 2/15 _a 

a Insufficient follow-up 
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Fig. 3. Survival in all four studies (dashed lines) compared with all 
patients from a concurrent randomised trial showing the same 
prognostic factors at diagnosis (solid line) 

Survival 

Fol low-up was complete  for all patients after 6 years in the 
first study, after 5 years for study 2, and after 4 and 1 years 
for studies 3 and 4, respectively. Overall  survival is shown 
in Fig. 2 and the results for median  survival, 2-year survi- 
val and  progression-free survival, taken from the start of  
t reatment ,  are given in Table 4. We have recently de- 
scribed factors that are strongly predict ive for prognosis  in 
SCLC and give more informat ion than the categorisat ion 
into l imited and extensive disease [11]. We compared  the 
results of  these high-dose studies with those in a consecu- 
tive group of  patients who were matched for these factors 
and disease extent but  who were treated in a large ran- 
domised  col laborat ive trial using convent ional  chemother-  
apy (1 g / m  2 cyclophosphamide ,  2 m g  i.v. vincristine, 
120 m g / m  2 i.v. e toposide on day 1, 100 mg tds on days 2 
and 3, given as four or eight 3-weekly cycles). The survival 
curves are shown in Fig. 3, from which no evidence can be 
seen that the survival of  the patients receiving high-dose 
t reatment  was greatly different from this matched group. 
Median  survival was longest  in study 1. Al though this 
might be a chance effect, it was not iceable  that  in this 
s tudy re-treatment after relapse was much easier than in 
the other studies, where patients had received more chemo- 
herapy.  This is perhaps  reflected in the better  dura t ion of  
survival after relapse, and relapse-free survival was 
broadly  comparab le  in all studies. Taking all of  the studies 
together, 8 pat ients  have survived for more than 2 years 
(10.7%). 
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Table 5. Sites of first relapse or progression 

1 2 3 4 

Local 11 9 8 4 
Liver 6 9 2 2 
Bone 1 1 0 1 
Brain 1 0 0 0 
Other 2 1 0 1 
Not assessable ~ 4 5 3 0 
Not relapsed 0 2 2 0 

a No response or died in therapy 

Table 6. Duration of neutropenia and thrombocytopenia with 
each high-dose treatment 

1 2 3 4 

1st 2nd 

Mean duration (days) of 10.6 10.5 14.8 14 12 
mean WBC < 500 

Mean duration (days) of 6.3 6.3 14.5 7.1 14 
platelets < 50 000 

Site of relapse 

The primary tumour was the most common site of relapse 
in all four studies, in spite of the increase in radiation dose 
in studies 3 and 4 (Table 5). The liver was the most fre- 
quent site of distant metastases. These relapse sites were 
very similar to those occurring with conventional chemo- 
therapy, and there was no evidence that marrow infusion 
had altered the pattern of metastasis. 

Tox&ity 

There were five treatment-related deaths (6%) in the entire 
series (Table 3); these were due to infection during the pe- 
riod of neutropenia. The duration of myelosuppression for 
each of the high-dose treatment protocols is given in Table 6. 
On average, patients were hospitalised for 7 days before 
the WBC and platelets fell below the indicated levels; they 
were discharged 3-5  days after the recovery of blood 
counts above these levels. The contribution of ABMT to 
recovery is the subject of a separate analysis. Alopecia al- 
ways occurred and almost all patients had a transient ery- 
thematous skin rash that occurred within a few days of the 
high-dose chemotherapy. Nausea and vomiting were mild 
for most patients, and haematuria did not occur in any pa- 
tient. During the period of aplasia, mild to moderate mu- 
cositis developed in all patients. Following radiotherapy, 
all patients developed radiation fibrosis in the treated 
area, which we thought was greater that that seen follow- 
ing conventional chemotherapy. There was no clinical or 
electrocardiographic evidence of cardiac toxicity. 

D i s c u s s i o n  

For such a chemoresponsive tumour, the cure rate for 
SCLC remains stubbornly and disappointingly low. In the 
view of the high response rate, it is reasonable to suppose 
that an increase in the intensity of drug treatment might be 
one way to improve results. The difficulty with this ap- 

proach lies in planning studies which might indicate the 
way forward. In 1979, at the start of the present studies, we 
chose to avoid the use of intensive treatment after conven- 
tional chemotherapy. Since at that time there was little evi- 
dence that an increase in dose to the point of prolonged 
myelosuppression improved the response rate in SCLC, 
there was more to be learned from using drugs at high 
doses as the initial and sole treatment. We did not antici- 
pate that all of the intrathoracic tumour would be killed by 
this means but thought that clinically undetectable metas- 
tases might be eliminated and, with radiotherapy to con- 
trol the primary disease, this might lead to a long disease- 
free interval. Pilot studies of this kind might provide evi- 
dence that the proportion of long-term survivors was high 
enough to justify a randomised trial against conventional 
therapy. 

The first study therefore asked the question as to 
whether there was a marked increase in response with a 
major increase in dose of a single agent. Cyclophospha- 
mide was used because there had been considerable expe- 
rience in its use in allogeneic bone marrow transplantation 
and since it is one of the most effective agents in the treat- 
ment of SCLC. With this drug the choice of dose and sched- 
ule is not straightforward, since cyclophosphamide has 
much greater alkylating activity when given in divided 
daily doses [6]. The study showed a very high response rate 
and an encouraging progression-free interval, leading to a 
good quality of life for the patients. The second study at- 
tempted to determine whether repeating the dose would 
prevent the relapses that were nevertheless occurring. As 
previously reported [12], this proved not to be the case. Al- 
though some PRs were converted to CRs, the overall re- 
sponse rate was unchanged, implying that there was rela- 
tive resistance to the second cycle of alkylating agent, 
which we have attempted to quantify [2]. 

In study 3 the intention was to determine whether a 
high CR rate could be attained with high-dose cyclophos- 
phamide in patients whose tumour had been reduced in 
size by previous treatment using drugs of an entirely dif- 
ferent class. In many previous "late intensification" stud- 
ies, the same drug has often been used in both initial and 
intensification treatment [5, 13]. In this situation, response 
seemed likely to be limited by drug resistance, and for this 
reason only two cycles of induction treatment were given 
before the high-dose cycle. A similar approach has been 
adopted by Smith et al. [7] with the same agents, but in 
their study the cyclophosphamide was given as a single 
12-h infusion and 12 weeks of treatment had preceded its 
use. Nevertheless, the present results, using the 4-day sched- 
ule of administration of cyclophosphamide after only 
two cycles of treatment, are similar to theirs. There was an 
increase in the number of complete responders, although 
these were not durable or useful. This finding is probably 
explained by the existence of a degree of cross-resistance 
between cyclophosphamide and these drugs of different 
class. 

These three studies showed the limitations of using a 
high dose of a single alkylating agent, and the fourth study 
was designed to determine whether superior results could 
be obtained by using all of the most effective agents whose 
dose-limiting toxicity was likely to be myelosuppression. 
Carboplatin has been shown by Smith et al. [8] to be asso- 
ciated with a high response rate, with marrow suppression 
as its major toxicity; the same has been reported for etopo- 
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side [14]. Increased response rates have been repor ted  for 
high-dose melphalan  in other types of  drug-resistant  tu- 
mours  [1], and  we made  the change to that  drug in the first 
instance. All drugs were given in doses well above the 
max imum usually del ivered in combinat ion.  The aim was 
to continue only if  there were CRs in the great major i ty  of  
patients since in this group of  carefully selected cases, con- 
vent ional  chemotherapy  might be expected to produce  a 
40%-50% CR rate. This d id  not  occur, even when cyclo- 
phosphamide  was substi tuted for melphalan  in the combi-  
nat ion;  for this reason, the study was s topped at an early 
stage. 

These results indicate  that al though it is relat ively easy 
to kill the sensitive componen t  of  SCLC, the disease is as- 
sociated with a considerable  capaci ty  to regenerate in a 
drug-resistant  form. An initial  t reatment  with an alkylat ing 
agent or a t r iple-drug combina t ion  at high doses does not  
circumvent  this. The l imitat ions o f  the approach  in terms 
of  toxicity,  case selection and expense suggest that  init ial  
high-dose t reatment  of  this type does not  have any place in 
routine treatment.  However ,  the procedure  remains  essen- 
tial  as a means of  determining which drugs and drug com- 
binat ions  are associated with a substantial  increase in re- 
sponse when given at high doses. 

A recent randomised  trial [3] has shown that an in- 
crease in drug dose given as "late intensif icat ion" pro-  
duces a slight p ro longa t ion  of  survival compared  with the 
same drugs given as convent ional  chemotherapy.  This 
study is the only randomised  trial to test the value of  this 
approach.  However ,  the difference was a mat ter  of  weeks 
and might  not  be regarded as clinically useful. What  might 
make a difference in this form of  study of  high-dose treat- 
ment  is the demons t ra t ion  of  a lack of  cross-resistance be- 
tween one drug or drug combina t ion  and another.  Treat- 
ment  schemes could then be devised where there was a rea- 
sonable expectat ion that  a later high-dose t reatment  might  
be cl inically worthwhile after induct ion with a different  
regimen. 
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