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INTRODUCTION 

During the last decades, lung cancer has become the most important cause 

of death due to cancer in males in the technically developed world. The 

incidence in females is still increasing and within one or two decades it 

can be expected to be the most common cancer in females too (1). 

In the Netherlands, central registration of cancer incidence is still not 

available; registration of causes of death, however, reveals a mortality 

of lung cancer of about 8000 a year (2). 

Ninety-eight percent of the malignant lung tumors consists of the five 

major histologically different types (3): squamous cell lung cancer, large 

cell lung cancer, adenocarcinoma, adeno-squamous cell carcinoma and small 

cell lung cancer (SCLC). The origin of these tumors is unclear. SCLC-cells 

have animo precursor uptake and decarboxylation properties and were sup

posed to be related to the neuroendocrine cells that are derived from the 

neural crest. The other tumor types -commonly described as non-SCLC- were 

supposed to be related to the other cells of the bronchial mucosa and 

therefore of endodermal origin. Recent observations of changes in morphol

ogy in SCLC cell lines to non-SCLC, as well as the frequently found 

admixture in biopsies of SCLC tumors with morphologically non-SCLC cells, 

however, support the common stemcell hypothesis (4, 5). SCLC accounts for 

20-25% of all cases and differs from the other forms in prognosis, clini

cal presentation, biological behaviour, and available treatment. The 

prognosis of SCLC, if untreated, is unfavourable; the majority of the 

patients die within 3 months from the time of diagnosis (6). The clinical 

presentation of SCLC is frequently associated with signs of ectopic hor

mone production as for instance Cushing's syndrome, resulting from ACTH 

production, or inappropriate antidiuretic hormone secretion. Lymphogenic 

and hematogenic spread is present in almost all patients. Therefore these 

patients are only rarely eligible for curative surgery. 

Despite this, the staging of SCLC is important for planning and evaluating 

therapy (7). The TNM classification, used for other lung tumors, is not 

useful for SCLC and therefore a new classification has been introduced: 

limited disease (LD) for patients with disease limited to one hemithorax 

plus supraclavicular nodes, and extensive disease (ED) for patients with 

signs of tumor outside this area (8). 
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In contrast to non-SCLC, treatment strategies directed only to the area of 

the primary, i. e. radiotherapy or surgery, have not been successful. Even 

initial dramatic responses to radiotherapy have only a minor effect on 

survival as a result of progression of the tumor elsewhere (9). 

The prognosis, however, changed after the introduction of systemic 

treatment. In the late sixties, introduction of cyclophosphamide resulted 

in an improvement of survival (6). Since that time chemotherapy for SCLC 

has been under continued investigation. Combining two active drugs proved 

to be more effective than single agent therapy (10); subsequently three 

drug regimens resulted in a further improvement of response rate and sur

vival (11). An other important step forward was that larger doses of 

cytostatic drugs in a combination regimen could be given (12); an in

creased knowledge of the handling of side effects permitted the acceptance 

of a higher degree of toxicity. 

Since that time a definite, be it a small number of long-term disease-free 

survivors has been reported (13), leading to speculations about the pos-

sibility of 

years. The 

plateau as 

cure in a much larger group of patients (14) within a few 

results of therapy nowadays, however, are still on the same 

5 years ago, despite new approaches. The role of radiotherapy 

in combination with chemotherapy in LD patients is probably very limited, 

it has no or only minor effects on survival but induces increased toxicity 

(15). Therefore, local radiotherapy is only indicated for palliation if 

chemotherapy fails. More important is the role of prophylactic cranial ir

radiation (PCI) for patients·reaching a complete remission after standard 

chemotherapy. In these patients PCI leads to a significant reduction of 

the incidence of tumor relapses in the brain (16). Initial toxicity of PCI 

is minimal; unexpected neurological problems in long-term survivors, 

however, are currently a point of major concern (17). 

In this thesis several aspects of new approaches in chemotherapy, espe

cially for SCLC, are described. In Chapter 1, the results of a combination 

regimen, consisting of in vitro synergistic drugs, alternating with a 

standard, possibly non-cross resistant, combination are described. Based 

on the results of this study and of other investigations, we decided to 

investigate the role of high-dose chemotherapy for SCLC. The consequence 

of this treatment modality is that patients have to be protected against 

persistent marrow aplasia by bone marrow transplantation, preferably 

autologous marrow transplantation. In Chapter 2 we describe studies on the 
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bone marrow reserve capacity, measured by colony forming units in culture 

in the bone marrow, before and after standard induction chemotherapy. In 

Chapter 3, data of several studies of high-dose chemotherapy in a number 

of solid tumors have been compiled. Based on the activity and the toxicity 

at standard dose levels, two drugs, cyclophosphamide and VP16-213, seemed 

to be potentially useful for high-dose chemotherapy for SCLC. In Chapter 4 

we describe the evaluation of the toxicity of high dose VP16-213, while 

pharmacokinetic studies of high-dose VP16-213 are mentioned in Chapter 5. 

Unexpected was the finding of penetration of VP16-213 into the central 

nervous sytem (CNS) and its effect on CNS-metastases (Chapter 6a and 6b). 

In Chapter 7 we describe a dose-finding study of the combination of high

dose cyclophosphamide and high-dose VP16-213 with autologous bone marrow 

transplantation. The problem of severe infection resulting from bone mar

row aplasia in these patients is described in Chapter 8. The high-dose 

chemotherapy regimen, as found in the study of Chapter 7, was evaluated in 

patients with recurrent SCLC to define its activity (Chapter 9), The 

results of our studies, as well as data from the literature are summarized 

in Chapter 10, subsequently conclusions for further studies in SCLC are 

drawn. 
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CHAPTER I 

PHASE II STUDY OF CYCLOPHOSPHAMIDE, VP16-213, AND CISPLATINUM ALTERNATING 

WITH VINCRISTINE, ADRIAMYCIN, AND PROCARBAZIN FOR UNTREATED SMALL CELL 

LUNG CANCER 

Pieter E. Postmus Dirk Th. Sleijfer , Aafke F. Meinesz , Huib A. M. 

Kerstjens , G. Tjong Lo , and Henk J. Sluiter 

SUMMARY. 

In a phase II study in patients with small cell lung cancer (SCLC) the 

combination of cyclophosphamide, cisplatinum and VP16-213 was found to be 

active, the response rate was 91% (30% CR, 61% PR) in the whole group. In 

40 limited disease patients 19 CR (48%) and 20 PR (50%) were seen, where 

as in 30 extensive disease patients only 2 CR (7%) and 23 PR (77%) were 

reached. Adding a second combination of adriamycin, vincristine and 

procarbazin resulted in only 2 patients in response improvement. Mean 

response duration was 71 weeks in CR patients and 37 in PR patients (p 

<0.01). Mean survival was 97 in CR and 47 weeks in PR patients (p <0.002). 

Performance score and disease stage were found to be good prognostic 

factors. Four patients (6%) are longterm disease-free. The value of 

cisplatinum, and of alternating chemotherapy for SCLC is probably minimal. 

INTRODUCTION 

Small cell lung cancer (SCLC) accounts for about 20% of all cases of lung 

cancer. It is characterized by early and wide-spread dissemination and at 

the time of diagnosis only few patients are eligible for surgical 

treatment. Even in apparently operable patients long-term disease-free 

survival is rare due to the development of distant metastases (1). 

Without treatment, survival beyond three months from the time of diagnosis 

is rare in the majority of the SCLC patients (2). The introduction of com

bination chemotherapy in the early seventies has considerably changed the 

prognosis and a survival up to one year is now possible, a small number, 

5-10%, of the patients will even reach a long-term disease-free survival, 

i. e. over 2 1/2 years, (3). A prerequisite for long-term disease-free sur

vival is the induction of a complete remission (CR) after chemotherapy. 
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Therefore the goal of several studies has been to increase the number of 

these CR's. Increasing the doses of the cytostatic drugs has caused an in

crease in the CR rate (4) and alternating so-called non-cross-resistant 

combinations of cytostatic drugs have resulted in a further increase (5). 

The introduction of two in-vitro synergistic drugs, cisplatinum and VP16-

213 (6), resulted in a high response rate with a CR rate over 40%, 

independent of disease stage (7). Moreover, in-vitro a synergistic effect 

was also observed after combining cisplatinum with cyclophosphamide (6). 

Therefore we evaluated results of a combination of cyclophosphamide, 

cisplatinum, and VP16-213 alternated with a standard combination, consist

ing of vincristine, adriamycin, and procarbazin (8) in a group of newly 

diagnosed SCLC patients. 

MATERIALS AND METHODS 

Patients and staging. 

From February 1980 to April 1982 70 newly diagnosed, histologically 

proven, inoperable SCLC patients were entered into the study. Entry 

criteria included age <70 years, creatinine clearance (CrCl) >60 ml/min, 

no previous chemo- and/or radiotherapy. Informed consent was obtained from 

all patients and the study was approved by the local medical ethical 

committee. 

Before the therapy started, all patients underwent routine pretreatment 

investigations consisting of blood cell counts, liver and renal function 

tests, chest roentgenogram, chest tomography, and fiberoptic or rigid 

bronchoscopy with biopsy and/or brush. Staging procedures included isotope 

scintigrams of bone, liver, and brain, bilateral iliac crest biopsies and 

bone marrow smears, and a complete neurological investigation. Patients 

with 

staged 

(ED). 

disease limited to one hemithorax and supraclavicular nodes were 

as limited disease (LD), all other patients had extensive disease 

Restaging procedures included roentgenograms and tomography of the chest, 

fiberoptic bronchoscopy and all initially abnormal investigations. 

Therapy. 

Chemotherapy consisted of 2 three-weekly courses of cyclophosphamide 750 

mg/m2 i.v. day 1, cisplatinum 75 mg/m2 i.v. day 1, and VP16-213 100 mg/m2 

i.v. day 2, 5, 8 (CCV). After restaging, 2 three-weekly courses of 
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vincristine 1. 4 mg/m i. v. day 1 and 8, adriamycin 60 mg/m2 i. v. day 1, 

procarbazin 100 mg/m2 orally day 1-10 (VAP) were given on day 50 and 71. 

Staging was repeated and maintenance therapy, CCNU 80 mg/m2 orally day 1 

and hexamethylmelamin 150 mg/m2 orally day 1-7 and 22-28, was given at six 

weeks intervals during one year to all patients without disease 

progression. The dose of cisplatinum was reduced to 50% if CrCl decreased 

below 60 ml/min and was stopped below 40 ml/min. Cyclophosphamide and 

VP16-213 were given during both courses in full dose irrespective of blood 

cell counts. 

The dose 

reduced 
9 X 10 /1, 

of adriamycin, procarbazin, CCNU, and hexamethylmelamin was 

to 50% if leukocytes fell below 2. 0 x 109/1 and/or platelets <100 

The dose of vincristine and hexamethylmelamin was reduced to 50% if 

neurotoxicity grade 1-2 (WHO-grading) developed and stopped at grade 3-4. 

Patients with a CR received prophylactic cranial irradiation (PCI) during 

the first maintenance course. Patients with LD, reaching only a PR 

received 10x3 Gy to the primary and the adjacent lymphnodes during the 

first maintenance course. 

Response. 

The response was evaluated 6 and 13 weeks after the start of treatment. 

Complete response (CR) was defined as disapperance of all known tumor 

lesions. Partial response (PR) was defined as a decrease of more than 50% 

of the product of the largest perpendicular diameters of all measurable 

lesions. 

Stable disease (SD) was defined as a less than 50% regression without 

signs of progression. Progression was defined as an increase over 25% of a 

measurable lesion or appearance of new tumor lesions. Early death was 

defined as death due to progression of the tumor within 6 weeks. Toxic 

death (TD) was defined as death due to treatment-related toxicity. 

RESULTS 

Patients. 

Of 70 patients 11 were female, 59 male. Mean age was 55 years (range 32-67 

years). Performance score (PS) (ECOG) was O in 9 patients. 40 patients had 

PS 1, 8 PS 2, and 13 PS 3-4. Forty patients were staged as LD and 30 as 

ED. 
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Tumor response, response duration, survival, and relapse. 

Response was evaluated after 2 courses of CCV and again after 2 courses of 

VAP. All patients were evaluable for response. After 2 courses of CCV a 

response 

40 LD 

the 30 

Stable 

within 

courses 

was seen in 64 patients (917.) (CR 21 (307.), PR 43 (617.)). In the 

patients 39 remissions were seen, 19 CR (487.) and 20 PR (507.). In 

ED patients, 25 responses were seen, 2 CR 77.) and 23 PR (777.). 

disease was present in l LD and l ED patient; 4 patients died 

3 weeks due to toxicity (3) or tumor progression (1). After 2 

of VAP the total response rate was unchanged, although two PR (1 

LD, l ED) patients went into CR resulting in a CR rate of 337. and a PR 

rate of 597.. Progression was seen in l ED patient who had SD after 2 CCV. 

In 2 out of 19 LD patients with a PR radiotherapy resulted in further 

tumor regression. Maintenance therapy did not result in further tumor 

decrease in evaluable patients. 

Mean response duration was 42 weeks (range 12-241+) (median 31). Mean CR 

duration was 71 weeks (range 20-241+) and was significantly longer than 

mean PR duration, 32 weeks (range 12-104) (p <0. 01) (median 41 versus 30). 

Median response duration in LD and ED patients was not different, 33 weeks 

versus 30 weeks. 

Relapse pattern in limited and extensive disease patients was analyzed. Of 

the LD patients in CR (n=20), 12 (607.) had the first recurrence in the 

lung, 3 in the brain, and l in the liver. In LD patients in PR before 

radiotherapy (n=l9) the first sign of tumor progression was in the region 

of the primary tumor in 5 cases, the other patients had progression out

side the thorax, in 9 of them the brain was the first progression site. 

All ED patients had progression at the sites of tumor involvement at the 

time of diagnosis except 4 patients with initial progression in the brain. 

Survival (fig. 1) beyond two years was reached in 7 patients (107.), 4 

patients (3 LD, l ED) are still alive with a minimum follow-up of two and 

a half year without signs of relapse. CR patients had a significantly 

longer survival than PR patients, mean 97 versus 47 weeks (p <0. 002) 

(median 66 versus 45) and LD patients longer than ED patients, mean 74 

versus 43 weeks (median 55 versus 40) (p <0.01). Patients with PS 0-1 had 

a significantly better prognosis than PS 2-4 (p <0. 01) (median 54 versus 

39 weeks). 

Toxicity. 
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Table 1 

Response 

after 2 CCV 

no pat(%) CR(%) PR(%) SD(%) Progr. TD 

LD 40 (100) 19 (48) 20 (50) 1 (2) 

ED 30 (100) 2 ( 7) 23 (77) 1 (3) 1 (3) 3 (10) 

Total 70 (loo) 21 (30) 43 (61) 2 (3) 4 (6) 

after 2 CCV + 2 VAP 

LD 20 (50) 19 (48) 1 (2) 

ED 3 (10) 22 (73) 1 (3) 

Total 23 (33) 41 (59) 1 (1) 

0 50 100 150 200 250 

weeks 
Fig. 1. Survival curves 

1 = LD (n=4_0); 2 = ALL (n=70); 3 = ED (n=30) 
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All patients experienced nausea and vomiting during the CCV courses, in 

most patients diarrhea was seen shortly after the cisplatinum infusion. In 

general, renal toxicity was mild except in one pati�nt with a very high 

tumor load and PS 4, who died of renal insufficiency after 3 days, prob-

ably due to hyperuricemia and cisplatinum; in all other patients 

cisplatinum was given two times in full dose. Temporary elevated serum 

creatinine levels normalized within three weeks and a decrease in CrCl 

below 60 ml/min has not been found. Myelotoxicity was moderate, in 40% of 

the courses leukocyte-count fell under l.Oxl09/1 and thrombocytopenia 

(<SOxl09/l) was present during 29% of the courses. Infections (i.e. axil

lary temperature >38. S0c) were seen in 10% of the CCV courses. There were 

no bleeding episodes. 

Two other patients died shortly after the first CCV course, 1 patient had 

a severe fungal infection with brain abcesses, the other patient died from 

pleural empyema. 

Toxicity of VAP was in most instances nausea and vomiting; myelosuppres-

sion was minimal, in 5 patients dose reduction was necessary. 

Neurotoxicity was severe but reversible in 1 patient, all other patients 

received the full dose of vincristine. 

Toxicity of the maintenance therapy was minimal except frequent longterm 

thrombocytopenia due to CCNU. 

DISCUSSION 

In this study the result of the induction chemotherapy regimen (CVV) 

regarding total response rate, is comparable to other regimens. Overall 

response rates of 80-90% have been reported several times (9). The number 

of CR in the ED group, however, is disappointingly low and in sharp con

trast with the 41% CR rate reported by Sierocki after VP16-213 and 

cisplatinum (7). 

Overall the median survival in this study is comparable to what has been 

reported after treatment with other regimens (9), the same can be said of 

the number of long-term disease free survivors. These results could only 

be achieved if regimens are used with a certain degree of toxicity. The 

regimen used in this study has been associated with more gastro-intestinal 

toxicity due to the use of cisplatinum; furthermore the necessity of ade

quate hydration to reduce renal toxicity is only possible on an in-patient 

10 



treatment base. These side effects and the results of therapy do not jus

tify the use of cisplatinum for the treatment of SCLC as first-line 

therapy. 

The introduction of a second non-cross-resistant chemotherapy regimen is 

theoretically attractive in destroying tumor cells resistant to the first 

regimen (10). 

The response rate after the second combination (VAP), however, was only 

slightly better than after the initial treatment. The failure of the VAP 

combination to induce an increase in number of CR therefore suggests that 

this combination is not truly non-cross resistant. 

The results of studies with the so-called non-cross resistant combinations 

initially seemed to be promising (5), however, controlled trials have not 

shown any survival benifit (11). 

In this study maintenance therapy has probably not been of any importance 

considering the lack of activity of the maintenance regimen in patients in 

partial remission. It seems therefore to be justified to give short-term

chemotherapy to obtain the maximal profit for the patients. Results of 

other short term regimens support this view (12), but adequate phase III 

trials have not been reported yet. 

This study illustrates once again the disappointing results obtained in 

the treatment of SCLC and it is therefore necessary to consider in what 

directions further studies should go. New active drugs are definitely 

necessary, however, since the introduction of VP16-213 into the clinic, no 

other 

present 

during 

way to 

promising drugs with activity against SCLC have been discovered. At 

it seems therefore only possible to improve the quality of life 

chemotherapy in the majority of the patients and probably the best 

do this is to define the minimal duration of treatment for these 

patients. 

A small group of patients might benefit from the so-called "late 

intensification" according to the mathematical model of Norton and Simon 

( 13). 

The response rate of high-dose chemotherapy, with or without autologous 

bone marrow reinfusion, in relapsing patients with SCLC are in this 

respect promising (14). Application of this "late intensification" after 

maximum tumor response to standard treatment is therefore potentially use

ful and such approaches are currently under investigation. 

11 
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CHAPTER 2 

Small Cell Lung Cancer and the Influence of Chemotherapy 

on CFUcs in Bone Marrow 

P. E. POSTMUS, MD," N. H. MULDER, MD,t E. G. E. DE VRIES, MD,t M. VAN LUYN,:j: 

AND M.  R .  HALIE, MD:j: 

To determine the optimal momcnl for the han·csting of bone marrow for autologous transplantation, the 
authors did seriallr colony forming units in culture (CFU,) counts in a group of 42 patients with small 
cell lung cancer (SCLC) before and after remission induction chemotherapy and subsequent maintenance 
chemotherapy. Disease stage did not influence the CFUr count except in patients with bone marrow 
metastases; this resulted in either abnormally low or abnormally high CFU, counts, probably dependent 
on the degree of in\'asion. Afler 2 courses of induction chemotherapy, the number of CFUcs was 3 . 1 -
fold higher than before therapy, Afler 4 courses, t he  CFU,s number was comparable lo. the pretreatment 
,·alue. An i"'·erse corrclntion was found between the degree of hematologic toxicity (expressed as leucocytcs 
count) and the increase of CFU,s after induction chemotherapy, The number of CFU,s decreased during 
prolonged chemotherapy lo low le\'cls after I year. Han·esling of bone marrow is probably done best 
shortly after induction chemotherapy. 

Cancer 53:396-400, 1984. 

S
TANDARD DOSE CHEMOTHERAPY for small cell lung 

cancer (SCLC) results in a high remission rate, but 
only in a few patients in  long-term disease-free survival. 1 
These observations have led to a search for more prom
ising therapeutic measures. One of the observations that 
could be important in this respect is the dose dependency 
of the tumor response in  SCLC.2 Therefore it  is worthwhile 
to evaluate the efficacy of high-dose chemotherapy. Be
cause of the side effects on bone marrow function, such 
treatment must be followed by rescue with bone marrow 
cells, usually from autologous marrow. 3 

Two problems are critical when autologous marrow is 
used in  this situation: ( I )  the problem of tumor involve
ment of bone marrow; and (2) the abil i ty of the reinfused 
marrow to reconstitute the patient.4·' Both are d irectly 
in0uenced by the moment chosen to procure marrow. 
Although other assays of stem cell fu nction have been 
described recently, the determination of CFU,s is as yet 
the most widely used.6-

10 Therefore we studied the number 
of CFU,s in  bone marrow of patients with SCLC before 
and after remission induction chemotherapy and sub
sequent maintenance chemotherapy. Furthermore, the 
relation was analyzed between these numbers of CFU,s 
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1 4  

and the effects o f  chemotherapy o n  peripheral blood leu
cocytes. 

Materials and Methods 

From June 1 980 through December 1 98 1 ,  42 consec
utive previously untreated patients with a histologically 
proven diagnosis of SCLC were investigated. Al l  patients 
underwent routine staging procedures: history, physical 
examination, hematologic evaluation, liver function, chest 
X ray, fiberoptic or rigid bronchoscopy, isotope scans of 
bone and liver, neurologic evaluation, and in some pa
tients, l iver biopsy. An un ilateral posterior i l iac crest bone 
marrow biopsy with a Yamshidi needle was performed 
in all patients. On that occasion bone marrow was also 
aspirated for a smearpreparation and for culturing pur
poses. 

Patients with tumor l imited to one hemithorax, me
diastinal and/or supraclavicular lymph nodes, were des
ignated as to have l imited d isease ( LD); all other patients 
had extensive disease (ED), including those with bone 
marrow involvement. 

All patients received intensive induction chemotherapy 
with cisplatin, 75 mg/m2 intravenously ( I V) day I ;  cy
clophosphamide, 750 mg/m2 IV day I ;  and VP- 1 6-2 1 3, 
100 mg/m2 IV days 2, 5, 8 (CCV) for 2 courses at 3 week 
intervals without dose reduction for hematologic toxicity. 
This was followed by 2 courses consisting of vincristine, 
1 .4 mg/m2 IV days I and 8; Adriamycin, 60 mg/m2 I V  
day I ;  and procarbazine, 1 00 mg/m2 orally days 1 - 1 0  



(YAP). at 3-wcck i n tervals. Response was evaluated after 
6 and I 2 weeks. In most patients this i ncl uded also bone 
marrow investigat ion as described earlier. In responding 
patients. mai ntenance therapy was in i t iated at week 1 4 :  
CCN U  8 0  mg/m' oral ly d a y  I and hexamethylmelamine 
1 50 mg/m' orally days 1 -7 and 22-28. which was repeated 
every 6 weeks unt i l  I year from the start of treatment. 

According lo the staging procedu re, 23 patients were 
shown to have LD and 1 9  ED, i ncludi ng 6 patients with 
bone marrow metastases. CFU,.s were measured i n  37 
patients before therapy ( 18  LD, 19  ED) ,  i n  20 after 2 
courses of CCV ( I O LD, I O  ED) and in 23 after 2 courses 

FIG. I. CFU, values before, during 
and after remission induction. 
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riat ients at the end of treatment at I year. 

Bone Marm"' C111!11re Pmcedures (CFU,.) 

Approxi mately 2 ml of the aspi rated bone marrow was 
placed i nto a tissue tube contai n ing 2 ml of Hanks bal
anced salt sol ution and 2000 U heparine. The culture 
procedure was as described by Pike and Robinson. ' '  The 
leukocytes from normal healthy volunteers served as a 
source of colony stimu lating factor. Throughout th is  
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FIG. 2. The relation between CFU, values before 1herapy and after 
2 courses of cytostatic chemotherapy. 

study. the same donor pool has been used. Alternating 
donors from this pool did not influence CFU, counts in 
control experiments beyond the range of duplicate de
term inations. A total of I X 1 06 leukocytes per plate was 
used in the feederlayer and employed within 6 days. 

The overlayer contained I X I O' nucleated bone mar
row cells per plate. Cultures were scored at day I 0 
throughout this study, but were also examined on day 
1 4. A dissecting microscope at X I  0 magnification was 
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FIG. J. CFU, values in 9 patients before therapy. after the first 2 
courses of chemotherapy and at the end of induction therapy. 
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used. Only groups of more than 40 cells were scored as 
colonies. Normal values have in our laboratory been de
termined in healthy volunteers. The range is 1 0  to 50 
colonies per 1 0' cells (N = 1 1  ). This range is also found 
in  patients without hone marrow related disease. All de
terminations have been performed in triplicate (SD 
= 2. 1 0: N = 1 48) . 

Statistic.,· 

Diflerences in  mean values were assessed with Student's 
t test. The statistical significance of the d ifferences in  CFU, 
counts in patients who were evaluated both before and 
after therapy. was assessed by Wilcoxon rank sum test 
on paired samples. Correlation coefficients were deter
mined and regression l ines were calculated on the scatter 
diagrams of Figures 2 and 4. 

Results 

Patient Chamcteristin· 

The median age of the 42 patients studied is 56 years 
(LD. 57 years: ED, 54 years). Thirteen patients had a 
Karnofsky performance status < 60. 

Pretreat111e111 o( CFU,. Le1•e/.1· 

The pretreatment CFU, values (Fig. I )  show no d if
ference between LD and ED patients (mean 1 7.6 l'l'/'Slls 
20. 1 per J O' cells). There is no relation between pretreat
ment CFU, count and age, sex and performance status. 
In  12 patients, the CFU, count was abnormally low (less 
than IO per I O' cells). Four of these patients had histo
logically proven bone marrow involvement; in  the smear 
of this aspirate there �vas a substantial n umber of tu mor 
cells, at least 50%. As tumor cells were included in  the 
plated cell numbers. these low CFU,. counts could be due 
to lack of hemopoetic cells. 

In  two patients. abnormally high CFU, counts were 
found (above 50 per I 05 cells); in the smears of these 
aspirates small c lumps of tumor cells were found, but 
less than 5% of the total cell count .  

CFU,. Co11111 Alier Two Courses 1i{CCV 

In the 20 patients ( 10 LD, I O  ED), there is no difference 
in CFU, counts between LD and ED (mean 58.2 and 
54.4 colonies per J O' cells). In 1 7  of these 20 patients, a 
pretreatment value is known: in 1 5  patients (88.2%), the 
CFU, value is increased after therapy. The increase in 
this group is significant (Wilcoxon rank sum test, P 
< 0.0 I ). Also, the increase in the means of CFU .. values 
before (mean. I 8 )  and after 2 courses (mean, 55) is sig
nificant ( P < 0.0 I ). 



The three patients in this group with pretreatment bone 
marrow invasion had varying eflccls of chemotherapy on 
CFU,. count: from 74 10 I 05 after. from 66 before lo 30 
after. and from I 10 0. respectively. There were no signs 
of metastases in  the bone marrow biopsy specimen or 
aspirate in  any of the 20 patients after 2 courses of CCV . 
In 1 4  patients without proven bone marrow i nvolvement. 
we found a correlation between the pretreatment CFU,. 
value and the increase of the number of CFU,s after 2 
courses of chemotherapy (% of in itial value): r = 0. 7 1 5 : 
y = 459e-0

·) " ' : P < 0.025 (Fig. 2). 

CFU,. Co11ws A.lier n\'(/ COll/'.\'l'.\' or l'AP (21 Patil'llt.1) 

Again there is no difference between LD ( 1 5  patients) 
and ED (8 patients) (mean. CFU, 1 5.7 and 1 5.9 per 1 05 

cells. respectively). These values are a little lower than 
the pretreatment values: the d iftcrence, however. is not 
signilicanl (mean, 1 5 .7 versus 1 8 .9). The decrease between 
the values found after 2 and 4 chemotherapy courses is 
sign i ficant (mean. 56.3 1•ers11s 1 5 .  7: P < 0.00 I ). CFU, 
counts in  1 5  patients in whom cultures were performed 
both before and after these chemotherapy courses also 
showed a significant decrease ( P < 0.0 I .  Wilcoxon rank 
sum test on paired samples). 

In n ine patients. CFU, counts were performed se
quentially during induction therapy (Fig. 3). In  these 9 
patients. values after 2 courses of CCV differ significantly 
( P < 0.0 I) from the values before and after 2 courses of 
CCV + 2 courses of VAP. Before and after chemotherapy, 
the CFU, counts do not differ significantly (Wilcoxon 
rank sum test on paired samples). 

CFU,. Count D11ri11x Maintenance Therapy 

I n  five patients, after 6 months of chemotherapy, values 
in  the normal range were found ( 1 2-3 1 per I 05 cells); i n  
5 of 6 patients. an abnormally low value was found after 
1 2  months of treatment ( 1 -5 per 1 05 cells). 

Hematoloxic Toxicity anfl Relation with CFU,. Co11111 

Whi le no difference was found in mean CFU, count 
before therapy in patients with ED and LD, leukocytes 
counts in  LD (mean, 7. 1 X 1 09/1) were lower than in ED 
(mean, 1 0.7 X 1 09/1) ( P  < 0.0025). Granulocytes counts 
i n  LD (mean 4.6 X 1 09/1) were also lower than in ED 
(mean, 8.4 X 1 09/1) (P < 0.0025). Hemoglobin levels, 
1 36 .7  g/L in LD and 1 35.0 g/1 in ED. and platelets 253.8 
X 1 09/1 and 276.5 X 1 09/1, were similar. There were no 
differences in leukocyte nadir  (mean. 1 .0 X 1 09/1 i n  LD 
and 1 .36 X 1 09/1 in  ED) and platelet nadir (mean 84.0 
X 1 09/1 and 82.4 X 1 09/1, respectively). A low leukocyte 
nad i r  during the first course of CCV is related to high 
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CFU, counts after 2 CCV courses (r = 0.544: y 
= 8 l .45e-o.m, P < 0.05) (Fig. 4). 

Discussion 

In SCLC. h igh-dose chemotherapy with autologous 
bone marrow as a primary therapy has led to a high 
number of remissions. 1 2  Also. patients with refractory 
disease have shown responses cir this form of treat
ment. 1 .1· 14  Current studies are underway in our and other 
institutes concerning the potential of this treatment form 
for patients who have reached complete remission. 1 5 • 1 6  

The moment that is chosen to harvest the marrow might 
influence the outcome of the procedure. Harvesting bone 
marrow before therapy has started would have the ad
vantage that stem cell numbers are not committed by 
cytostatics. However, SCLC is often. at the start of treat
ment, already metastasized. with a high risk of contam
i nation with malignant cells i f  the marrow is then cry: 
opreserved. 1 7  

This study shows that after 2 courses of chemotherapy, 
the mean CFU,. count is 3. I -fold higher than before ther
apy in 88% of the patients. Our results are comparable 
to those of Abrams et al. 11 in a comparable group of 
SCLC patients where the number of circulating CFU,s 
was 6. 7-fold higher after I course of induction chemo
therapy in the majority of the patients. 

CFU, determinations only measure a part of the bone 
marrow function and other parameters could add worth
while information. Erythroid precursors seem to be more 
susceptible to unfavourable storage conditions 1 9  and may 
therefore be of value in the quality control of preserved 
marrow. Potentially, assays that give rise to mixed colonies 
should more closely mirror the presence of stem cells.20 



Spitzer et al." found a good correlation between the 
number of CFUcs i nfused and the l ime to hemopoietie 
recovery in  leukemic and solid tumor patients treated by 
marrow ablative therapy. Ekcrt et 11/. 

1 1 1  could not find this 
correlation. but as their patients received prophylactic 
co-trimoxazole. it is possible that this has caused a delay 
of hematopoietic recovery.ii 

I n  this study. a substantial increase was found in  CFU,. 
counts following severe chemotherapy-induced leuko
penia. the i ncrease being related to the degree of leuko
penia. This i ncrease seems to be more overt when the 
pretreatment CFU,. counts arc low. In our material. i n
vasion of the bone marrow with tumor cells could lead 
to both abnormally low or abnormally high CFU,. counts. 
probably dependent on the degree of invasion. The in
crease in  CFU,. count in  patients with discrete marrow 
involvement could be due to production or stimulation 
of colony stimulating factor by tumor cclls.n Interestingly. 
lcukopcnia due 10 chemotherapy in these patients did 
not lead to further increase in FU, count.  The abnormal 
growth pallern reported by Mc arthy and coworkcrs.n 
in two patients with SCLC was not seen in any of our 
patients. 

I t  can be concluded from our study that soon after an 
allempt at remission induction might be an optimal mo
ment to collect marrow if transplantation is considered. 
The main problem remains to exclude the possibility that 
tumor cells are also preserved. However. it can reasonably 
be assumed that the number of these cells is at a nadir 
shortly after a successful remission i nduction. 
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CHAPTER 3 

Intensive Chemotherapy and 
Autologous Bone Marrow Transplantation 

for Solid Tumors 

*P E.  Postmus and **E. G.  E .  de Vries 

*Department of Pulmonary Diseases, and * *Department of Medical Oncology of the 
University Hospital, 9713 EZ Gro11i11ge11 , The Netherlands 

Studies in animal tumor systems show a dose-response relat ionship for a broad 
variety of cytostatic drugs (34 ,62 ,70) . Data on the human situation are less evident 
( 25 ,5 1 ) , but in a number of tumors higher response rates are found after the use 
of increased doses of cytotoxic drugs ( 1 6 ,37,4 1 ) .  These observations have led to 
the investigation of chemotherapy at the maximally tolerated dose levels. 

A considerable dose escalation can resu lt in a rise in  toxicity and for dose
escalation studies only cytostatics with primarily bone marrow tox icity are suitable. 
Thus,  drugs such as the anthracycl ines, bleomycin ,  cisplatinum,  act inomycin-D, 
and the vinca alkaloids have a very l im ited potential for dose increments. The 
ant imetabol ites as a group are interesting candidates for dose escalation, however, 
their use as s ingle agents, at any dose level , does not require bone marrow t rans
plantation to accelerate hematopoietic recovery. 

From the remaining agents, most attention has been given to the alkylating agents 
melphalan,  mechlorethamine, cyclophosphamide, and BCNU. Recently, new drugs 
such as V P l 6-2 1 3  (etoposide) ,  amsacrine (AMSA) , and m itomycin C have been 
investigated in  h igh-dose regimens with autologous bone marrow transplantation 
(ABMT) . This chapter gives a summary of medullary and extramedul lary toxicity 
and responses after high-dose single agent and combination chemotherapy with or 
w i thout ABMT. 

TOXICITY OF HIGH-DOSE CHEMOTHERAPY 

Single Agents 

Cyclophospham ide 

Two important extramedullary side effects are reported . The urothel ial toxicity, 
caused by one of the metabolites, acrolein ,  can result in severe hemorrhagic cyst it is .  
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TABLE 1 .  SCLC--phase II studies in heavily pretreated patients 

Treatment Response 
No. No. (CR) related Extramedullary· duration 

patients Therapy response NA death toxicity in months Reference 

9 CTX 1 .5 g/m2 x 4 5 ( 1 )  3 Mucositis 42% 3,4,5 66 
VP 1 25 mg/m2 x 4 
BCNU 300 mg/m2 

CTX 5CH>0 mg/kg x 2-4 1 ( 1 )  Cardiorespiratory 2 20 
VLB 0.5 mg/kg x 1-2 failure 50% 
TBI 8 Gy Mucositis 57% 

f\) Diarrhea 21 % 0 
MTX + CF 200 mg/kg 1 (1 ) NS 5 32 
ADM 1 50 mg/m2 

CTX 1 20 mg/kg 
TBI 8 Gy 

3 BCNU 600 mg/m2 0 3 67 
5 BCNU 300 mg/m2 4 ( 1 )  NS NS 54 

PCZ 200 mg/m2 x 4 
L-PAM 1 40 mg/m2 

5 CTX 7 g/m2 1 (0) 2 2 Mucositis 1 0  58 
VP 0.9-2.5 g/m2 

Abbreviations for Tables 1-9: ADM, adriamycin; BCNU, carmustine; COOP, cis platinum; CTX, cyclophosphamide; 
DTIC, dacarbazine; L-PAM, melphalan; MMC, mitomycin C; MTX, methotrexate; PCZ, procarbazine; TACC-1 ,  6-thiog-
uanine 1 00 mg/m2 day 1-4; VCR, vincristine; VLB, vinblastine; VP, VP1 6-213 ;  NS, not significant. 



Today this problem is virtually abol ished , when 2-mercaptoethane sulfonate sodium 
(mesnum) is given in combination with cyclophosphamide. This water soluble 
sulfhydril containing compound inact ivates acrolein ( I  I ) .  

H igh-dose cyclophosphamide appears to cause a unique form of hemorrhagic 
myocarditis, frequently with a fatal outcome. This complication is seen at a dose 
of 160 mg/kg in combination regimens. It is unlikely to occur below a dose of 240 
mg/kg when used as single agent , although one fatal case was reported after 1 80 
mg/kg (5 , 1 3 , 30) .  

Melphalan 

One of the major advantages of melphalan is its short half- l ife (48) ,  this makes 
rapid reinfusion of even nonfrozen autologous marrow possible and shortens the 
duration of aplasia .  

Dose-limiting toxicity is located in the gastrointestinal tract and can be expected 
at doses of about 200 mg/m2 . The cl inical significance of the development of 
autoantibodies against platelets and granulocytes after h igh-dose melphalan is un
certain (42) .  

Nitrosoureas 

High-dose BCNU does result in several extramedullary toxic side effects. Most 
frequently encountered is pulmonary tox icity. This can be expected after a cumu
lative dose of 1 . 2 to 1 . 5  g/m2 . Also , the risk is increasing with the dose per single 
course. Pre-existing pulmonary disease is a major risk factor. Previous use of 
pulmonary toxic drugs and/or thoracic irradiation enhances the BCNU toxicity 
(46 ,84) . 

The development of encephalomyelopathy after high-dose BCNU is probably an 
effect of the drug on the cerebrospinal vessels. The lesions found in  the central 
nervous system are comparable to those found after cranial radiotherapy or com
bined cranial radiotherapy and chemotherapy ( 14) . Fatal liver toxicity was seen 
a fter 1 . 2 g/m2 in 7 of 18 patients (53) and fatal venoocclusive disease of the l iver 
was reported after h igh-dose BCNU employed as a single agent (49) .  

Mechlorethamine 

Increasing the dose of mechlorethamine from 0 . 5  to 2 . 0  mg/kg is associated 
with a rapid increase of immediate as well as delayed neurotoxicity (73 ) .  In 2 of 
3 melanoma patients receiving 0 . 8  mg/kg (33 mg/m2) ,  significant cardiotoxicity 
with persistent tachycardia, and functional or atrial ectopic beats were observed 
and did not allow further dose escalation (36) . 
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TABLE 2. SCLC-phase II studies in untreated patients 

No. patients 

1 3  

1 6  

1 7  
7 

Therapy 

CTX 1 .5 girn' x 3 

l 
VP 0.2 g/m2 x 3 
VCR 2 mg x 2 
ADM 80 mg/m2 (7 patients) 
CTX 40-50 mg/kg x 4 

CTX 1 80 mg/kg 
CTX 1 80 mg/kg 
VP 1 g/m2 

See Table 1 footnote for abbreviations. 

VP 16-2 13 (Etoposide) 

No. (CR) response 

X 2 1 3(7) 

1 3(7) 

5(2) 
2(0) 

NA 

3 

1 2  
5 

The most important side effect observed after high-dose VP 16-2 I 3 is mucosi tis 
in the oropharyngeal region (86) . This occurs in  the majority of patients at 2 . 4  g/ 
m2 (79), however in a small number of patients t reated with 3 . 0  g/m2 , the mucositis 
was sti l l not dose l imi t ing (57 ) .  

Amsacrine 

In four of five courses of AMSA (250 mg/m2 , days I ,  2, and 3) severe and dose
l imit ing mucositis was observed , after a lower dose (200 mg/m2 , days I ,  2, and 
3 ) ,  only one episode of severe mucositis occurred in six courses (76) . 

Mitomycin C 

Hepatic venoocclusive disease was reported in 4 patients after a dose of 60 to 
75 mg/m2 ( 3 1 ) .  Hemorrhagic colitis and pancreatic toxicity were considered to be 
too severe to permit doses over 60 mg/m2 (6 1 ) .  However, lowering the infusion 
rate with lower peak serum levels seems to be associated with less toxicity (63 ) .  

Total Body Irradiation 

Total body irradiation (TB I) has the advantage of ki l l ing tumor cells regardless 
of the cell cycle stage but it also effects the cent ral nervous system . The classic 
t reatment with a 60Co unit gives dose- limiting toxicity in the lung at a level of 10 
GY. Other toxicit ies are mostly in the gastrointestinal t ract .  A late side effect can 
be the development of cataracts (8 ) .  Fractionated TBI could be less toxic for normal 
t issue. Unti l  now, results from a randomized study in acute leukemia and al logenic 
bone marrow transplantation (BMT) did not show a difference of pulmonary 
toxicity after fractionated TBI compared with standard TBI (78 ) ,  but there was a 
better survival with fractionated TB! and allogenic BMT. 



Treatment related Extramedullary Response duration in 
death toxicity months Reference 

Esophagitis (1 5%) 4-1 2 (maintenance 
Mucositis (6 1 %) therapy) 22 
Cardiac (1 5%) 
Mi ld diarrhea (31 %) 1 -1 6 +  (also local 65 

radiotherapy) 

NS NS 1 5  
NS NS 1 5  

Combination Chemotherapy 

The dose- l im iting toxicity of single agents is evaluated rather extensively, whereas 
the tox icity of high dose combination regimens is not studied sufficiently. Two 
phase I studies are in press. The dose- l imit ing toxicity for YP l 6-2 1 3  used in  
combination with cyclophosphamide at  the highest tolerable dose (7 g/m2) was 
reached at 2 . 5  g/m2 (58) .  The combination of BCN U  and melphalan did not give 
unacceptable tox icity at a dose of 800 mg/m2 and 70 mg/m2 , respectively (79) . 

l n  general , the toxicity in other studies is severe with a high infect ion rate. Fatal 
c ardiorespiratory problems were seen in 7 of 14 patients after h igh-dose cyclo
phosphamide, vinblastine, and TBI (20) . The incidence of stomatit is was 42% in 
1 8  courses consisting of cyclophosphamide 4.5 g/m2 , VP 16-2 1 3  0.5 g/m2 , and 
BCNU 0 . 3  g/m2 , whereas diarrhea was seen less often ( 16%) (66) . Dose- l imit ing 
mucositis was seen after a combination of cisplat inum 1 20 mg/m2 , YP 16-2 1 3  1 . 08 
g/m2 , and Adriamycin® 1 3 5  mg/m2 (43 ) .  Fatal carditis was seen in 3 of 14 patients 
t reated for a pedi atric Burkitt's lymphoma with BCNU, Ara-C, cyclophosphamide 
and 6-thioguanine (BACT) (3 ) .  Occasionally hepatic venoocclusive disease has 
been noted after h igh-dose therapy with or without TBI (83 ,87) . 

EFFECTIVENESS OF HIGH-DOSE CHEMOTHERAPY IN 
VARIOUS TUMORS 

Small Cell Lung Cancer 

Several studies with h igh-dose combination chemotherapy were carried out in 
heavily pretreated patients (Tables 1 -3 ) .  Despite the resistance to conventional 
c hemotherapy, a response was seen in the majority of the patients including a 
n umber of complete remissions. However, response duration is short . H igh-dose 
s ingle agent or combination chemotherapy in patients with a partial remission after 
standard treatment resulted in an improvement of remission status (43 ,64,68 , 7 1 ,74) . 
The resu lts of high-dose combination chemotherapy as init ial therapy are disap-



TABLE 3 .  SCLC-high-dose therapy after remission induction with standard therapy 

No. 
patients 

1 0  

3 

3 

5 

20 

1 3  

1 0 

Therapy 

CDDP 1 20 mg/m2 

ADM 90 mg/m2 

VP 240 mg/m2 

CDDP 1 20 mg/m2 

ADM 1 35 mg/m2 

VP 360 mg/m2 x 3 
ADM 1 35 mg/m2 

VP 360 mg/m2 x 3 
CTX 3 g/m2 

CTX 1 00-200 mg/kg 
VP 0.75-1 g/m2 

CTX 1 2  g 

CTX 6 g/m2 

BCNU 300 mg/m2 

VP 0.5 g/m2 

CTX 1 .5 g/m2 x 3 
VP 0 .2 g/m2 x 3 
VCR 1 .5 mg/m2 x 2 

No. responses before/after 
high-dose chemotherapy 

CR --> CR (N = 3) 
PR --> PR (N = 3) 
PR --> CR (N = 2) 
PR --> progr. (N = 1 ) 
toxic death (N = 1 ) 
CR --> CR (N = 1 ) 
progr. --> PR (N = 1 )  
toxic death (N = 1 ) 
CR --> CR (N = 3) 

PR --> PR (N = 2) 
PR --> CR (N = 2) 
SD --> PR (N = 1 )  
CR --> CR (N = 2) 
NA --> PR (N = 2) 
minor response (N = 1 6) 
CR --> CR (N = 3) 
PR --> CR (N = 4) 
PR --> PR (N = 3) 
early death (N = 3) 
CR -> CR (N = 4) 
PR --> CR (N = 4) 
PR --> PR (N = 1 ) 
NA --> PR (N = 1 )  

See Table 1 footnote for al l abbreviations. 

Response 
duration i n  

months Reference 

5--1 7 + 43 

2-1 0 +  43 

8-1 1 + 64 

5-1 0 +  64 

NS 71 

6 + -25 + 74 

1 6 + -20 + 68 

pointing; response rate, response duration , and survival time are comparable to 
what can be achieved with standard dose therapy (22 ,68) .  

Recently, two single agent studies carried out  in untreated patients gave support 
to a dose-response relationship for cyclophosphamide (65) and VPl6-2 1 3  (40) .  In 
8 1% ( N =  16) a response was seen after cyclophosphamide 160 to 200 mg/kg , this 
is much higher than after standard doses (30 to 40%) ( 10) . In another small study, 
8 responses were noted in 10 patients with extensive disease after VPl6-2 1 3  1 . 2 g/ 
m2 , whereas after standard doses 40 to 50% response rate is seen (39) . An important 
observation may be the response of central nervous system metastases after high
dose VP l 6-2 1 3  ( 1 . 0 and 1 . 5  g/m2) in 2 patients who had relapsed after cran ial 
irradiation (55 ) . 

Germ Cell Tumors 

High-dose VP l 6-2 1 3  (2 .4 g/m2) results in a high response rate, 6 of 10 patients 
with a relapse responded , 2 of these patients were pretreated with standard dose 
VP l 6-2 1 3  (33 )  (Table 4) . 
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TABLE 4. Germ cell tumors 

Treatment Response 
No. No. (CR) related Extramedul lary duration in 

patients Therapy response NR  death toxicity months Reference 

3 CTX 1 .5 g/m2 x 4 2 (2) Mucositis (42%) 1 ,  3.5 65 
VP 1 25 mg/m2 X 4 Diarrhea ( 1 6%) 
CCNU 300 mg/m2 

3 CTX 1 .5 g/m2 x 4 3 ( 1 ) NS 1 ,  1 ,  2 .5 + 66 
VP 1 25 mg/m2 x 4 

1 3  CTX 3.8-6.0 g/m2 7 (4) 3 3 Stomatitis ( 1 4%) 1 ,  1 ,  1 ,3 .5 9 
VP 450-750 mg/m2 Diarrhea (21 %) 4,5, 5 + 
(some patient also BCNU, 

ADM or CDDP) 
CTX 2 g/m2 1 (0) Mild mucositis NS 81  
ADM 1 00  mg/m2 

2 CTX 50 mg/kg x 3 NS 7 
I\J 
(J1 BCNU 400 mg/m2 x 3 

6 CTX 50-60 mg/kg x 2-4 1 ( 1 ) 5 Cardiorespiratory 29 + 20 
VLB 0.5 mg/kg x 1 -2 failure (50%) 
TBI 8 Gy Mucositis (57%) 

Diarrhea (21 %) 
2 MTX + CF 1 50-200 mg/kg 1 (0) NS NS 27 

CTX 1 00-1 80 mg/kg 
ADM 40-50 mg/m2 

VLB ( 1  patient) 1 0  mg/m2 

6 CTX 7.0 g/m2 6 (0) Mucositis 1 -2 58 
VP 1 .5-2.5 g/m2 

4 L-PAM 1 40 mg/m2 4 (?) NS NS 47 
1 VLB 1 mg/kg 1 ( 1 ) NS 1 0 +  26 

ADM 1 80 mg/m2 

CTX 200 mg/kg 
TBI 8 Gy 

1 0  VP 0.8 g/m2 6 ( 1 ) 4 Mucositis 1 -6 33 

See Table 1 footnote for abbreviations. 



TABLE 5. Ovarian cancer 

Treatment Extra- Response 
No. No. (CR) related medul lary duration 

patients Therapy response NR death toxicity in months Reference 

6 CTX 2 g/m2 4 ( 1 )  2 NS 8 1  
ADM 1 00  mg/m2 

4 L-PAM 1 40 mg/m2 2 (0) 2 NS NS 47 
2 CTX 7 glm2 2 (2) Mucositis 1 0 +  , 1 2 +  82 

VP 0.9 g/m2 

CTX 1 70 mg/kg 1 (0) NS NS 27 
ADM 50 mg/m2 

VM 26 1 00 mg/m2 

See Table 1 footnote for abbreviations. 

High response rates were found after high-dose combination chemotherapy, 
however, only a few patients had a long-term disease-free survival (20 ,26 ) .  

Ovarian Cancer 

Data on h igh-dose chemotherapy in ovarian cancer are scarce (Table 5 ) .  A high 
response rate after 1 20 mg/kg cydophosphamide (8 of 9 patients) is promising ( 1 2) 
and h igher than after standard dose therapy (37,80) . Two patients reached a long
term unmaintained complete remission after high-dose cyclophosphamide (7 g/m2) 

and high-dose VP 1 6-2 1 3  (0 . 9  g/m2) (82) . 

Breast Cancer 

Although several responses were seen after high-dose mitomycin C, it is sti l l  
not clear if this t reatment wil l  be of value for cl inical practice ( 1 9 ,  72) (Table 6) . 
The number of patients t reated with h igh-dose chemotherapy is small and the 
results are inconclusive . A promising observation was the response in 3 of 4 patients 
after VP 1 6-2 1 3 ,  1 g/m2 (57 ) .  

Malignant Melanoma 

S ince the promising report of McElwain et al . (48 ) ,  several studies with this 
rather resistant tumor were performed (Table 7 ) .  Both BCNU and melphalan were 
found to be active drugs with a number of complete remissions. In al l  cases, the 
complete response (CR) was of short duration . One long-term remission was seen 
after high-dose mechlorethamine ; another one after a combination of high-dose 
melphalan and BCNU (79) . 

Childhood Tumors 

High response rates were found in Ewing's sarcoma and neuroblastoma (Table 
8) Also , a few long-term disease-free survivors were reported (6) . Data on rhab
domyosarcoma are st i l l  inconclusive. 
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TABLE 6. Breast cancer 

Treatment Response 
No. No. (CR) related Extramedullary duration in 

patients Therapy response NR death toxicity months Reference 

1 1  MMC 40 mg/m2 2 (0) 9 NS NS 1 9  
5 CTX 50 mg/kg x 2 2 (2) 2 NS 5.6 66 

I\) 
TBI 1 0  Gy 

'--l CTX 2 g/m2 1 (0) Mild mucositis NS 75 
ADM 1 00 mg/m2 

2 CTX 50-60 mg/kg x 2-4 1 ( 1 )  Cardiorespiratory failure (50%) 5 20 
VLB 0.5 mg/kg x 1 -2 Mucositis (57%) 
TBI 8 Gy Diarrhea (21 %) 

3 L-PAM 1 20-225 mg/m2 2 (0) 1 NS 1 + ,  7 +  42 
3 L-PAM 1 40 mg/m2 2 (0) 1 NS NS 47 

1 6  AMSA 600-750 mg/m2 2 (0) 1 4  Mucositis (40%) 7, 1 1  70 

See Table 1 footnote for abbreviations. 



TABLE 7. Malignant melanoma 

Treatment Response 
No. No. (CR) related Extramedullary duration in  

patients Therapy response NR death toxicity months Reference 

6 BCNU 400 mg/m2 x 3 1 (0) 5 1 7 
6 BCNU 600-750 mg/m2 1 (0) 5 1 .5 67 
8 BCNU 1 ,200-2,850 mg/m2 4 ( 1 )  4 NS NS 53 

1\.1 30 BCNU 1 ,050-1 ,200 mg/m2 1 4  (5) 1 3  3 Lung 2 + -4 +  23 
27 L-PAM 1 40-260 mg/m2 1 2  (2) 1 5  Gut NS 60 

9 L-PAM 1 20-225 mg/m2 7 (3) 2 Mucositis 1 + -6 45 
Diarrhea 

2 L-PAM 1 40 mg/m2 2 (0) NS NS 47 
5 H N2 33 mg/m2 2 ( 1 )  3 Heart 1 .5, 1 7  + 79 
8 L-PAM 35-70 mg/m2 6 (2) 2 1 ,2,4,6, 79 

BCNU 400-800 mg/m2 6 +  , 1 4 +  
4 AMSA 600-1 ,000 mg/m2 0 4 Mucositis 88 

See Table 1 footnote for abbreviations. 



Colorectal Carcinoma 

Five of 6 patients able to be evaluated showed a partial response after h igh-dose 
melphalan,  80 mg/m2 (44) . 

Lymphoma 

Even in heavily pretreated patients with high-grade malignant non-Hodgkin's 
lymphoma, a high response rate was obtained after a number of different high
dose regimens (Table 9 ) .  The most promising result is the number of long-term 
unmaintained complete remissions (3 ,27,29,77 ) .  A few authors reported on high
dose regimens in therapy resistant Hodgkin's disease (32 ,77) , also in these patients 
the response rate is promising. 

Brain Tumors 

The penetration of BCNU through the blood-brain barrier may be useful for 
t reatment of primary or secondary brain tumors. Responses of glioblastoma and 
several metastatic tumors have been reported (24) . 

DISCUSSION 

Studies of high-dose chemotherapy are only just emerging. A lthough a large 
number of studies are already published , only very few answers to important 
questions have been obtained . 

Many studies have evaluated the necessity of ABMT after h igh-dose chemother
apy. In two randomized studies (4 ,75 ) ,  a beneficial effect of ABMT on aplasia 
duration was found; in some studies the period of aplasia was shorter after high
dose chemotherapy supported by ABMT compared to less chemotherapy without 
ABMT ( 48 , 6 1 , 8 1 ,88) . Also, the number of infused colony forming units in  cultures 
(CFU-c) and the quality of the cryopreserved bone marrow was found to influence 
hematopoietic recovery ( 1 ,28 ,69 ) .  

Despite ABMT, there i s  sti l l  a rather long period with severe granulocytopenia  
associated with a high frequency of infection. This i s  a major problem that has to 
be solved to reduce morbidity and mortality. One way of reducing the risk of 
developing viral infections related to transfusion of blood products may be the use 
of cryopreserved autologous platelets (38) . 

The key question to be answered is :  is it worthwhile to perform this t ime and 
money consuming treatment which is associated with a high morbidity and mor
tal ity? Although in vitro studies are clearly support ive of high-dose chemotherapy, 
in cl inical practice, this concept has not yet been unequivocally successfu l .  

In general , two approaches are possible. The first i s  the use o f  the so-called 
"late-intensificat ion" in patients with minimal residual disease after standard ther
apy. This method is supported by the mathematical model of Norton and S imon 
(50) . Recently, a few studies of this kind were init iated in small cell lung cancer 
(SCLC); survival data are not yet avai lable. A major advantage of intensification 
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w 
0 

No. 
patients Therapy 

5 L-PAM 1 20-225 mg/m2 

3 L-PAM 60-225 mg/m2 

3 L-PAM 1 40-1 60 mg/m2 

1 L-PAM ? 
4 L-PAM 1 40 mg/m2 

1 CTX 50-60 mg/kg x 2-4 
VLB 0.5 mg/kg x 1-2 
TBl 8 Gy 

See Table 1 footnote for abbreviations. 

No. (CR) 
response 

5 (4) 
1 (0) 

3 (2) 
1 (1 ) 
3 (2) 
1 (1 )  

TABLE 8A. Ewing 's sarcoma 

Treatment Response 
related Extramedul lary duration in  

NR  death toxicity months Reference 

NS 1 ,3 + ,5, 1 4, 1 4  1 7  
2 Severe mucositis (>200 NS 1 8  

mg/m2) 

NS NS 2 
NS 9 +  45 
NS 9, 1 2 + , 1 4 +  85 
Cardiorespiratory failure (50%) 6 20 
Mucositis (57%) 
Diarrhea (21 %) 



w 
f-' 

No. 
patients Therapy 

1 4  L-PAM 1 40 mg/m2 

6 L-PAM 1 40-225 mg/m2 

7 L-PAM 60-225 mg/m2 

4 DTIC, CTX, L-PAM, VCR (2 patients) 
ADM (2 patients) 
ARA-C (1 patient) 
VM 1 80 mg/m2 x 2 
ADM 45 mg/m2 x 2 (3 patients) 
L-PAM 1 40 + 70 mg/m2 

TBI 3 x 3.33 Gy 

8Two allogeneic bone marrow transplantations. 
See Table 1 footnote for abbreviations. 

TABLE BB. Neuroblastoma 

Treatment 
No. (CR) related 
response NR  death 

1 0  (2) 4 
4 ( 1 )  2 
7 (3) 

3 ( 1 ) 

3 (3) 

Response 
Extramedullary duration in 

toxicity months Reference 

Stomatitis (7%) NS 59 
NS 4.5 + -6 45 
Severe NS 1 8  

mucositis 
(> 200 mg/m2) 

NS 2,3,4 2 1  

Severe 1 1  + , 1 2  + ,32 + 6 
mucositis 

TABLE BC. Rhabdomyosarcoma 

Treatment Response 
No. No. (CR) related Extramedul lary duration in 

patients Therapy response NR death toxicity months Reference 

4 CTX 1 .2 g/m2 x 4 4 (2) Severe 1 ,3 + , 21 
DTIC 250-500 mg/m2 x 4 diarrhea 6 + , 1 4  
ADM 2 0  mg/m2 x 3 
L-PAM 1 60 mg/m2 1 ( 1 )  NS NS 2 
TACC-1 1 (0) NS NS 27 

See Table 1 footnote for abbreviations. 



TABLE 9. Non-Hodgkin 's lymphoma (including Burkitt's lymphoma) and Hodgkin 's disease (HD) 

Treatment Response 
No. No. (CR) related Extramedul lary duration in 

Patients Disease Therapy response NR death toxicity months Reference 

4 NHL TACC-1 4 (4) 9 , 1 8 +  ,20,23 + 
1 HD TACC-1 1 ( 1 ) 1 .5 27 
1 HD CCNU 200 mg/m2 1 ( 1 ) 3 

CTX 200 mg/kg 
ADM 60 mg/m2 

1 2  NHL TACC-2 8 (8) 4 Pericarditis 3 + -9 + , 1 1 + ,  29 
1 1 + , 1 4 +  

2 NHL CTX 50--60 mg/kg x 2--4 2 (2) Cardiorespiratory 1 ,27 + 20 
VLB 0.5 mg/kg x 1 -2 fai lure (50%) 
TBI 8 Gy Mucositis (57%) 

Diarrhea (21 %) 
1 4  NHL BACT 1 0  (4) 4 Carditis 1 -2,9 + ,  1 9  + ,  

29 + r\) 

2 NHL CTX 50 mg/kg x 3 2 (2) 24 + ,26 + 
2 HD BCNU 400 mg/m2 x 3 2 (0) NS 1 ,  1 7 
1 NHL MMC 60 mg/m2 1 (0) NS 1 .5 61  

1 8  NHL a BACT (6 patients TBI 1 0  7 (7) 4 NS 52 
Gy) 

4 HD BACT 4 (?) NS 1 2 + , 1 2 +  
3 NHLb CTX 1 .5 g/m2 x 3 3 ( 1 )  N S  2 ,  2 ,  4 +  
2 HD VP 1 50 mg/m2 x 4 2 ( 1 ) 5, 1 8 +  77 

BCNU 300 mg/m2 

3 NHLb CTX 2.4 g/m2 x 3 2 (2) NS 4 + , 1 8 +  
TBI 1 .7 Gy x 6 

5 NHL CTX 60 mg/kg x 2 5 (5) Hepatitis (20%) 1 .7,6 , 1 2.9, 35 
TBl 1 0 Gy Carditis (20%) 1 4.5,27 + 
( 1  patient ADM 80 mg/m2) 

a 1 1 patients in CR at the beginning of therapy. 
b1 patient allogeneic bone marrow transplantation. 
See Table 1 footnote for abbreviations. 



of the therapy after rem1ss1on induction is the low risk of contamination of the 
bone marrow by tumor. The number of stem cell s, determined by CFU-c is at that 
t ime still sufficient (56) . Tumors suitable for this approach are SCLC, breast 
cancer, lymphoma, and ovarian cancer. 

The second approach is the application of high-dose chemotherapy in the situat ion 
of primary or secondary tumor res istance. In this respect , it is interesting that a 
high response rate was found in melanoma (Table 7) and colon cancer (44) . The 
response duration however is almost always short .  Despite this, the susceptibil ity 
of tumors, always considered to be resistant to chemotherapy, warrants further 
studies with this t reatment modality in patients in good condition . 

Toxicity of single agent high-dose chemotherapy is rather well documented, but 
dose-limiting toxicity of combinations of suitable drugs, also in combination with 
TB! ,  has not been sufficiently evaluated . New phase I studies have to be performed 
to define this . 

Can manipulation based on pharmacological data, noting that the toxicity of 
high-dose mitomycin C is related to the peak serum levels, lead for instance by a 
lower infusion rate to reduced toxicity (63)? In this respect new drugs should also 
be considered as candidates for high-dose chemotherapy . 

. The cleaning of bone marrow, for example, with monoclonal antibodies or 
incubation with cytostatic drugs, is fascinating but wil l not become of major 
importance for the treatment of solid tumors as long as long-term remissions are 
not yet the rule after intensive chemotherapy. 

The use of intensive chemotherapy has a sound theoretical basis. The goal of its 
successful application in clinical oncology will require pharmacological studies, 
improvement of support ive therapy, and further studies on basic problems of tumor 
cell separation . However, the state of the art at this time suggests that this treatment 
modality could have some merit in the near future. 

SUMMARY 

This chapter extensively reviews in tabular form the up-to-date results of high
dose chemotherapy and ABMT in solid tumors . Antitumor responses have been 
clearly documented in small cell lung cancer, teratoma, ovarian cancer, breast 
cancer .. melanoma ,  colorectal cancer, lymphoma, gliomas, and various childhood 
tumors . Only a handful of randomized studies have been started and ·none is yet 
completed , so the eventual applications of the technique must be awaited . 

REFERENCES 

I .  Abrams, R .  A. , Glaubiger, D. , Simon, R . ,  Lichter, A . ,  and Deisseroth ,  A. B .  ( 1 980): Hemato
poietic recovery in Ewing's sarcoma after intensive combination therapy and autologous marrow 
infusion .  Lancer, 2 :385-389. 

2. Alvegard, T. , Lund General Hospital , Lund . ( 1 983): Data presented at the EORTC workshop: 
Autologous Bone Marrow Transplantation in Solid Tumours, Amsterdam. 

3. Appelbaum,  F. R . ,  Deisseroth ,  A. B. , Graw, R. G. , Herzig, G. P. ,  Levine, A. S. , Magrath, I. T. , 
Pizzo, P. A. ,  Poplaek, D. G. , and Ziegler, J. L. ( 1 978): Prolonged complete remission following 
high dose chemotherapy of Burkitt's lymphoma in relapse. Cancer, 4 1 : 1059- I063 . 

33 



4. Appelbaum, F. R . ,  Herzig, G. P. , Ziegler, J. L . , Graw, R. G . ,  Levine. A. S. , and Dcisseroth, A. B. 
( 1 978): Successful engraftment of cryopreserved autologous bone marrow in patients with malig
nant lymphoma. Blood, 52:85-95 . 

5 .  Appelbaum,  F. R . ,  Straudren, J. A . , Graw, R. G . .  Savage, D. D . .  Kent .  K. M . ,  Fcrrans, V. J . .  and 
Herzig , G. P. ( 1 976): Acute lethal cardi tis caused by h igh-dose combination chemotherapy. Lancet, 
I : 58-62. 

6. August , C.  S. , Serata ,  F. T. , Koch, P. A . ,  D'angio, G. J. . and Evans. A. ( 1 982) : Bone marrow 
transplantation ( B MT) for relapsed stage IV neuroblastoma. Proc. AACR, 23 :  1 22 .  

7 .  Barbasch ,  A . , H igby, D .  J. , Brass, C. , Bakr i ,  K . , Karakousis, C. , Pontes. J. E . , Wajsman, L.  Z. , 
Beckley, S. , Freeman, A . ,  K i l l ion, K . ,  and Burnett, D. ( 1 983) : High dose cyto-rcduct ive therapy 
with autologous bone marrow transplantation in advanced malignancies. Cancer Treat. Rep. , 
67: 1 43- 148 .  

8 .  Barret ,  A. ( 1 982): Total body irrad iat ion before bone marrow transplantation . A Review. Clinical 
Radio/ . ,  33: 1 3 1 - 1 35 .  

9 .  B l ijham, G. , Spitzer, G. , Litam, J. , Zander, A .  R . ,  Verma, D. S . .  Vellckoop. L . ,  Samuels. M .  S. , 
McCredie, K .  B. , and Dicke, K. A. ( 1 98 1 ) : The treatment of advanced testicular carcinoma with 
high dose chemotherapy and autologous marrow support. Eur. 1 Cancer. i7:433-44 I .  

1 0 .  Broder, L .  E . , Cohen, M .  H . ,  and Selawry. 0. S. ( 1 977) :  Treatment of bronchogenic carcinoma 
II. Small Cell Cancer Treat. Rev. , 4:2 19-260. 

1 1 .  Bryant ,  B. M . ,  Jarman, M . ,  Ford , H. T. , and Smith ,  I. E .  ( 1 980): Prevention of isophosphamide
induced urothel ia l toxicity with 2-mercaptoethane sulphonate sodium (mesnum) in patients with 
advanced carcinoma. Lancet, i i :657-660. 

1 2 .  Buckner, C. D. , Br iggs, R . ,  Cl iff, R. A. , Fefer, A . ,  Funk, D. D. , Glucksberg, H . ,  Neiman, P. E . ,  
Storb, E. , and Thomas, E .  D. ( 1 974) :  Intermittent high-dose cyclophosphamide treatment of stage 
I I I  ovarian carcinoma. Cancer Chemother. Rep . ,  58:697-703. 

1 3 .  Buckner, C. D. , Rudolph, R. H . ,  Fefer, A . ,  Clift ,  R. A . ,  Epstein, R.  B. , Funk, D. D. , Neiman, 
P. F., S l ighter, S. J. , Storb, R . , and Thomas, E.  D. ( 1 972): H igh-dose cyclophosphamide therapy 
for malignant disease. -Cancer, 29:357-365. 

1 4 . Burger, P. C. , Kamenar, E . ,  Schold , S. C. , Fay, J. W. ,  Phi l ips, G. L . . and Herzig, G. P. ( 198 1 ) : 
Encephalomyelopathy fol lowing high dose BCNU therapy. Cancer, 48: 1 3 1 8- 1 327. 

1 5 .  Burnet t ,  A. K . ,  Tansey, P. ,  Banham, S. W. ,  Stevenson,  R. D. , Singer, C. R .  J . , Soukop, M . ,  and 
Cunningham, D. ( 1 983): Autologous bone marrow transplantation in smal l cel l carcinoma of lung 
and acute myeloblastic leukaemia. Exp . Haematol . ,  l l (Suppl . 3 ) : 1 73 .  

16 .  Cohen, M .  H . ,  Creaven, P. J. , Fossieck, J. D. , Broder, L .  E. , Selawry, 0 .  S. , Johnston, A. V. .  
Wil l iams, C. L . , and Minna, J. D. ( 1977): Intensive chemotherapy of small cell bronchogenic 
carcinoma. Cancer Treat. Rep . ,  61 :349-354. 

1 7 .  Cornbleet , M . A . ,  Corringham, R. E. T. ,  Prentice, M. G. , Boesen, E. M . .  and McElwain ,  T. J. 
( 198 1  ): Treatment of Ewing's sarcoma with high-dose melphalan and autologous bone marrow 
transplantation. Cancer Treat .  Rep. , 65:24 1-244. 

1 8 .  Culbert ,  S. , Cangir, A. , Jaffe, N., Sul l ivan, M. P. ,  and Dicke, K. ( 1 98 1 ) : Therapeutic potential 
of high dose phenylalanine mustard (HDP) in pediatric solid tumors. Proc. ASCO, 22:400. 

1 9 . Dicke, K. A . , Vellekoop, L . ,  Spitzer, G. , Zander, A. R . ,  Schel l ,  F . .  and Verma. D. S. ( 1 980): 
Autologous bone marrow transplantation in neoplasia .  In: Biology of Bone Marrow Transplan
tation. ICN-UCLA Symposia on Molecular and Cellular Biology, edited by R. P. Gale and C. F. 
Fox. pp. 1 59- 165 . Academic Press, New York . 

20. Douer, D. , Champl in ,  R. E. , Ho , W. G. , Sarna, G. P. ,  Wel ls, J. H . , Graze, P. R . ,  Cline, M .  J. . 
and Gale, R. P. ( 1 98 1  ): High-dose combined-modality therapy and autologous bone marrow 
transplantation in resistant cancer. Am. 1 Med. , 7 1  :973-976. 

2 1 .  Ekert, H . ,  El l is ,  W. M . .  Waters, K. D. , and Tauro, G. P. ( 1 982): Autologous bone marrow rescue 
in the treatment of advanced tumors of childhood. Cancer, 49:603-609 . 

22.  Farha, P. , Spitzer, G. , Valdivieso, M . .  Zander, A . ,  Verma, D. , M innhaar. G. , Vellekoop, L . ,  
Dicke, K . ,  and Bodey, G .  ( 1 98 1 ) : Treatment of small cell bronchogenic carcinoma (SCBC) with 
high dose chemotherapy and autologous bone marrow transplantation (ABMT). Proc. ASCO, 
22:496. 

23. Fay, J. W. ,  Levine, M. N. , Phil ips, G. L . ,  Herzig, G. P. ,  Herzig, R. H . ,  Lazarus, H. M . ,  Wolff, 
S. N. , and Weiner, R. S. ( 1 9.8 1 ): Treatment of metastatic melanoma with intensive 1 ,3-bis (2 
chloroethyl)- 1 -nitrosourea (BCNU) and autologous marrow transplantation (AMTX) .  Prac. ASCO, 
22:532. 

34 



24 . Fay, J. W. ,  Phil ips ,  G. L . ,  Herzig, G. P. , Herzig, R. H. , and Lazarus, H. M. ( 1 980): Treatment of 
neoplastic disease of the central nervous system (CNS) with high-dose 1 ,3 bis (2-chloroethyl ) - 1 -
nit rosourea ( BCNU) and autologous marrow transplantation (AMTX) .  Proc. ASCO, 2 1 :353 .  

25. Fre i ,  F. , and Canellos, G. T. ( 1980): Dose: A crit ical factor in cancer chemotherapy. Am. J Med. , 
69:585-594. 

26. Gale, R.  P ( 1980): Autologous bone marrow transplantation in patients with cancer. JAMA , 
243:540-542. 

27. Gorin ,  N. C . ,  David , R . ,  Stachowiak, J. , Salmon, C. , Pet i t ,  J. C. , Parlier, Y. , Najman, A . ,  and 
Duhamel , G .  ( 1 981 ) :  High dose chemotherapy and autologous bone marrow transplantation in 
acute leukemias, mal ignant lymphomas and solid tumors. Eur. J Cancer, 1 7 :557-568 . 

28. Gorin, N. C. , Donay, L . ,  David, R . ,  Stachowiak, J. , Parlier, Y. , Oppenheimer, M . ,  Najman, A . , 
and Duhamel, G. ( 1983) :  Delayed kinetics of recovery of haemopoiesis fol lowing autologous bone 
marrow transplantation. The role of excessively rapid marrow freezing rates after the release of 
fusion heat. Eur. J Cancer, 19 : 185- 19 1 . 

29. Gorin, N. C. , Nagman, A . ,  Donay, L . ,  Salmon, Ch . ,  David,  R . ,  Stocho�viak, J. , Parlier, Y. , 
Lopez, M . ,  Oppenheimer, M . ,  Lecomte, D. , Deloux, J. Pet i t ,  J. L . ,  Rene, F. ,  Gerota ,  I . ,  v.d .  
Akker, J . , and Duhamel , G .  ( 1983) :  Autologous bone marrow transplantation i n  the treatment of 
poor prognosis. Non Hodgkin's lymphoma. Proceedings 13th lmernational Congress of Chemo
therapy, 232:8- 1 2 .  

30. Got1diener, J .  S. , Appelbaum, F. R . ,  Ferrans, V J. ,  Deisseroth, A . , and Ziegler, J .  ( 1 98 1  ) :  Car
diotoxicity associated with high-dose cyclophosphamide therapy. Arch. Intern. Med. , 1 4 1  :758-
763 .  

3 1 .  Gotlfried ,  M .  R . ,  and Sudi lovsky, 0 .  ( 1982): Hepatic veno-occlusive disease after high-dose 
mitomycin C and autologous bone marrow transplantation therapy. Hum. Pathol. , 1 3 :646--650. 

32 .  Graze, P R . ,  Ho, W. ,  Wells, J. R . ,  and Cline, M. J. ( 1 978): Induction of complete remission from 
disseminated oat cell carcinoma by intensive chemotherapy and bone marrow autotransplantation. 
Proc. AACR, 1 9 : 1 1 .  

33 .  Greco, F. A . ,  Johnson, D. H. , Wolff, S. N. , Hainsworth ,  J . ,  Wil l iams, S. , Hande, K . ,  and Einhorn, 
L.  ( 1 983): A phase I I  study of high dose VP 16-2 1 3  (E) and autologous bone marrow transplantation 
(ABMT) for refractory germinal neoplasms. Proc. ASCO, 2: 138 .  

34 .  Griswold,  D .  P ,  Laster, W. R. ,  Snow, M .  Y. , Schabel ,  F. M. ,  and Skipper, H.  E .  ( 1963): Experi
mental evaluation of potential anticancer agents. XII. Quant itative drug response of the SA 1 80 ,  
CA 755 , L 1 2 10 system to  a standard l ist of  active anti-cancer agents. Cancer Res. , 23(part 
2) :27 1-5 19 .  

35 .  Harada, M .  N. , Yoshida, T. , Funada, H . ,  Ishmo, C. , Koda, H . ,  Mari, T. , Matsue, K . ,  Shiobara, 
S, , Odaka ,  K . ,  Ohtake, S. , Teshima, H . ,  Kondo, K . ,  Yamamura, M . ,  Nakao, S. , Ueda, M . ,  
Nakamura, S. , and Hatlor i ,  K .  ( 1 982): Combined modality therapy and autologous bone marrow 
transplantation in the treatment of advanced non-Hodgkin's lymphoma and solid tumor. Kanazawa 
Exp . Transpla/11. Proc. ,  1 6:733-737. 

36. Hartmann, D. W. ,  Robinson, W. A . ,  Morton, N. J. , Mangalik , A . ,  and Glode, L. M. ( 1 978) :  H igh
dose nitrogen mustard with autologous nonfrozen bone marrow transplantation in advanced 
malignant melanoma, a phase I trial .  Blt11, 42:209-220. 

37 .  Hreshchyshyn, M .  M. ( 1973) :  Single agent therapy in ovarian cancer; factors influencing response. 
Gyneco/. Oncol . ,  I :220-232. 

38. Yan I mhoff, G. W. ,  Arnaud, F. ,  Post mus, P E. , Mulder, N. H . ,  Das, P C. ,  and Smit Sibinga, C. 
Th. ( 1 983) :  Autologous cryopreserved platelets and prophylaxis of bleeding in autologous bone 
marrow t ransplantations. Blta, 47 :203-209. 

39. lssel l ,  B. F. ( 1 982) :  The podophyllotoxin derivatives VP 16-2 1 3  and VM 26. Review. Cancer 
Chemother. Pharmacol. ,  7 :73-80. 

40. Johnson, D. H . , Wolff, S. N. , Hande, K. R . ,  Hainsworth, J. D. , Fer, M. F. ,  and Greco, F. ( 1 983) :  
High-dose YP 16-2 1 3  (HDE) treatment of extensive smal l  cel l  lung cancer (SCC) . Proc. ASCO, 
2 : 193 .  

4 1 .  Jones, S .  E. , Durie, G .  B .  M . ,  and Salmon, S .  E. ( 1975): Combination chemotherapy wi th  adria
mycin and cyclophosphamide for advanced breast cancer. Cancer, 36:90-97. 

42. Kingston, J. ( 1 983) :  Department of medical oncology, St. Bartholomew's Hospital, West Smith 
field, London. Data presented at the EORTC workshop: Autologous Bone Marrow Transplantation 
in Solid Tumours. Amsterdam. 

35 



43.  K laslersky, J. , N icaise. C. . Longeval .  E . .  St ryckmans. P. .  and the EORTC Lung Cancer Work ing 
Party ( 1982) :  Cisplal in. adriamycin .  and eloposidc (CAY) for remission induction of small-cell 
bronchogenic carcinoma. Cancer, 50:652-658 .  

44 .  Knight, W A. ,  Page, C .  P. ,  Kuhn. J. G . .  Clark . G .  M . .  Bel l .  B .  S . .  and Newcomb. T. F. ( 1 983) :  
H igh dose melphalan (L-PAM)  with autologous bone marrow (ABM) infusion for Dukes-D Colo
rectal carcinoma (Dukes 'D ) .  Proc. ASCO. 2 : 1 1 8 .  

45. Lazarus, H . .  Herzig, R . ,  Herzig, G. , Phil ips, G . .  Graham-Pole, J . .  and G·ross. S .  ( 1 982) :  A phase 
I study of h igh-dose melphalan (L-PAM )  and autologous bone marrow transplant (ABMT) for 
refractory mal ignancy. Proc. ASCO. I :  190. 

46. Li 1am, J. P. ,  Dail , D. H., Spitzer, G . .  Vellekoop. L . .  Verma, D. S . .  Zander. A .  R . ,  and Dicke. 
K. A. ( 198 1  ): Early pulmonary 1oxici1y after adm inistration of high dose BCNU. Ca11cn Trem. 
Rep . .  65:39-44. 

47. Maranchin i ,  D. , lnsli lut J. Paoli I. Cal 111e11es. Marsei l le .  ( 1 983 ) :  Data presented al the EORTC 
workshop: Autologous Bone Marrow Transplantation in Solid Tumours. Amsterdam. 

48. McElwain, T. J. , Hedley, D. W .  Burton. G . .  Cl ink,  H.  M . .  Gordon. M. Y. . Jarman. M . ,  Juttner. 
C. A . ,  Mi l lar, J . L . ,  Mi lsted . R.  A. V .  Prentice, G. , Smith .  J . E. , . Spence, D . .  and Woods, M .  
( 1979) :  Marrow au101ransplan1a1ion accelerates hematological recovery i n  patients with mal ignant 
melanoma t reated with high-dose melphalan . Br. J. Cancer, 40:72-80. 

49. McIntyre, R. E. , Magidson, J . G . .  Aust in ,  G. E . .  and Gale, R. P. ( 198 1  ) :  Fatal vcno-occlusive 
disease of the l iver fol lowing high-dose 1 ,3-bis (2-chloroe1hyl )- l -ni 1rosourea ( BCNU) and au1olo
gous bone marrow t ransplantation. Am.  J. Clin. Parho/ . .  75:6 14-6 17. 

50. Norton, L . ,  and S imon, R. ( 1 977) :  Tumor size. sensit ivity to therapy and design of t reatment 
schedules. Cancer Trear. Rep . ,  61 : 1 307- 1 3 1 3 .  

5 1 .  O 'Bryan, R .  M . ,  Baker, L .  H . ,  Gottlieb, J. E . , Rivh in .  S. E. , Balcerzak . S .  P. .  Gunnel. G .  N . .  
Salmon, S .  E . ,  Moon, T. E. , and Hoogs1ra1en ,  B .  ( 1 977) :  Dose response evaluation o f  adriamycin 
in human neoplasma. Cancer, 39: 1 940- 1 948 .  

52 .  Ph i l ip ,  T. , B iron, P. ,  Maranchin i ,  D. , Mevel le D . .  and Herve, P. ( 1 983) :  Experience of massive 
cytoreduc1ive regimen and autologous bone marrow 1 ransplan1a1ion in 22 cases of bad prognosis 
malignant lymphomas. Proc. ASCO, 2 :207. 

53 .  Phi l ips, G. L . ,  Fay, J . W ,  Wolff, S. N. , Karanes, C . .  Herzig, R. H . ,  and Herzig, G. P. ( 1980): 
Intensive 1 ,3-bis(2-choloroe1hyl)- l -n i 1 rosourea (BCNU) and au1ologous bone marrow 1 ransplan-
1a1 ion (BMTX) for refractory mal ignancy; a phase I study. Proc. AACR, 2 1 : 1 80 .  

54. Pico, J . L . ,  Serv. de Medic, D. , l ns1i 1u1e Gustave Roussy, Vi l lejuif ( 1980): Data presented al the 
EORTC workshop: Autologous Bone Marrow Transplantation in Solid Tumors. Amsterdam.  

55 .  Postmus, P. E . , Holthuis, J. J. M . ,  Haaxma-Reiche, H . ,  Mulder, N. H . ,  Vencken, L .  M . ,  van Oort ,  
W J. , Sleyfer, D. Th . ,  and Slu iter, H. J. Penetration of VP 16- 2 1 3  into cerebrospinal fluid after 
high dose intravenous admin istration . J. Cli11 . Oncol. (i11 press). 

56. Poslmus, P. E . ,  Mulder, N. H . ,  de Vries, E. G. E . , van Luyn, M . ,  and Halie, M .  R .  ( 1 984) :  Small 
cell lung cancer and the influence of chemotherapy on CFUc's i n  bone marrow. Cancer, 53:396-
400. 

57 .  Postmus, P. E . , Mulder, N. H . ,  Sleyfer, D. Th . ,  Meinesz, A. F. ,  Vriesendorp, R . ,  de Vries, 
E .  G. E. , and Wi l lemse, P. H .  B. ( 1 983) :  H igh dose VP 16-2 1 3  (HDVP) for refractory mal ignancies. 
a phase I study. 2nd European Conference on Clin ical Oncology. Amsterdam. 

58. Postmus, P. E . ,  de Vries, E. G. E . ,  de Vries-Hospers, H. G. , van Imhoff, G. W, Smit Sibinga , C. 
Th . ,  Sleyfer, D. T:i . ,  and Mulder, N. H. ( 1 983) :  High dose cyclophosphamide (HD-Cy) and high 
dose VP 1 6-2 1 3  (HD-VP) with au1ologous bone marrow transplantation (ABMT) for refractory 
mal ignancies, a phase I study. 2nd European Conference on Clinical Oncology. Amsterdam . 

59. Pritchard , J. , McElwain, T. J. , and Graham-Pole, J. ( 198 1  ): H igh-dose melphalan with autologous 
marrow for treatment of advanced neuroblastoma .  Br. J. Cancer, 45:86-94. 

60. Rustin ,  G. J. S. , Cornbleet, M . A . ,  Hedley, D. W ,  and McElwain ,  T. J. ( 1 98 1 ) : H igh dose mel
phalan in advanced mal ignant melanoma. Br. J. Cancer, 42:7 1 9-720. 

6 1 . Sarna, G. P. , Champl in ,  R . ,  Wells , J. , and Gale, R. P. ( 1 982) : Phase-I study of high-dose mi tomycin 
with autologous bone marrow support .  Cancer ·treat. Rep. , 66:277-282. 

62 . Schabel , F. M . ,  Sk ipper, M. E. , Trader, M. W ,  Laster, W R . ,  Corbel l ,  T. H . ,  and Gr iswold, D. P. 
( 1 980): Concepts for controlling drug resistant tumor cells. In :  Breast Cancer. Experi111e111a/ and 
Clinical Aspects. Pergamon Press. Oxford. 

63. Schi lcher, R. R . ,  Young, J. D. , Ratanathorathorn , V ,  and Baker, L .  H. ( 1982) :  H igh dose mito-

36 



mycin C (MMC)  and autologous bone marrow transplantation . Cl inical results and pharmacok i
netics. 8111 1 ,  45 : 1 83 .  

64 . Sculier, J .  P. ,  K lastersky. J . , Stryckmans, P. .  and EORTC. Lung Cancer Working Party ( Belgium).  
( 1982) :  Late in tensive chemothcarpy with autologous bone marrow infusion. Presse Med. , 1 2 :677-
680. 

65 . Souhami ,  R. L . ,  Harper, P. G. , Linch , D. , Trask, C. , Goldstone, A . H. , Tobias, J . , Spiro, S. G. , 
Gedde�, D. M . ,  and R ichards, J. D. M. ( I 982): High-dose cyclophosphamide with autologous 
marrow t ransplantat ion as in i t ia l  t reatment of small cell carci noma of the bronchus. Cancer 
Che111other. Pharmacol . ,  8:3 1-34. 

66. Spitzer, G. , Dicke, K. A . , Litam, J. , Verma , D. S. , Zander, A . ,  Lanzot t i ,  V ,  Valdivieso, M . ,  
McCred ie, K .  B . ,  and Samuels, M .  L .  ( 1 980): High-dose combination chemotherapy with autolo
gous bone marrow t ransplantation in adult sol id tumors. Cancer, 45:3075-3085 . 

67. Spitzer, G. , Dicke, K. A . ,  Verma, D. S. , Zander, A . ,  and McCredie, K .  B. ( 1979): H igh-dose 
BCNU therapy with autologous bone marrow infusion. Pre l iminary observations. Cancer Treat. 
Rep . ,  63: 1 257- 1 263 . 

68 .  Spitzer, G. , Farha, P. ,  Valdivieso, M . ,  Dicke, K. A. , Zander, A . ,  Dhingra, H. M . ,  M innhaar, G. , 
Vellekoop. L. , Verma, D. S. , Umsawasdi,  T. , and Chiuten, D. ( 1982) :  High dose chemotherapy 
(HDCT) with autologous bone marrow transplantation (ABMT) in untreated small cell broncho
genic carcinoma (SCBC). Exp. He111atol. , 10: 1 9 .  

69 .  Spitzer, G. , Verma , D. S. , Fisher, R . ,  Zander, A . ,  Vellekoop, L . ,  Litam , J. , McCredie, K .  B. , 
and Dicke, K .  A. ( 1 980): The myeloid progenitor cell - its value in predic t ing hematopoiet ic 
recovery after autologous bone marrow transplantation. Blood, 55:3 1 7-323 . 

70. Stee l ,  G. G. ( 1 977): Growth and survival of tumor stem cells . I n :  Growth Kinetics of T11mors. 
Clarendon Press, Oxford . pp. 244-267. 

7 1 .  Stevenson, R. D. , Banham , S. W ,  Burnet t ,  K. W ,  Soukop, M . ,  Kaye, S. W ,  E l l iot , J . A. , Lucie, 
N. P., and Ahmedza i ,  S. ( 1 982) :  Late dosage intensification with autologous bone marrow rescue 
in sma l l  cel l lung cancer. E11r. J Resp. Dis. , 63:42 (Suppl. 1 25) :xx-xx . 

72 .  Stewart ,  P. S. ( 1 982) :  Autologous bone marrow transplantation in metastatic breast cancer. In :  
Breast Cancer Research and Treatment ,  pp. 85-92. Martinus Nijhoff publishers, The Hague. 

73 .  Sul l ivan, K. M . ,  Storb, R . ,  Shulman, H . ,  Shaw, C. M . ,  Spence, A. , Beckhan, C . ,  Clift, R .  A. , 
Buckner, C. D. , Stewart, P. and Thomas, E. D. ( 1 982): Immediate and delayed neurotoxicity after 
mechlorethamine preparation for bone marrow transplantation. Ann. Int. Med. , 97: 1 82- 1 89.  

74. Symann ,  M . ,  Ludwig Institute, Brussels ( 1 983): Late intensification chemotherapy and autologous 
bone marrow transplantation in smal l  cell lung cancer. Prel iminary results. Presented at the 
ABMT Workshop, Amsterdam. 

75. Takvorian, T. , Parker, L.  M . ,  and Canellos, G. P. ( 198 1 ): Non-frozen or cryopreserved autologous 
bone marrow (ABM) rescue of BCNU-induced myelosuppression . Proc. ASCO, 22:424. 

76. Tannir, N. , Spitzer, G. , Schel l ,  F. , Legha, S. , Zander, A . ,  and B lumenschein, G. ( 1983): Phase 
II-study of h igh-dose amsacrine (AMSA) and autologous bone marrow transplantation in patients 
with refractory metastatic breast cancer. Cancer Treat. Rep. , 67:599-600. 

77 .  Tannir, N. M . ,  Spitzer, G. , Zander, A. R. , Jaganna Hr, S. , Konogia,  M . ,  Vellekoop L . ,  Mc
Laughl in ,  P., Hagemeister, F. J. , and Dicke, K. A. ( 1983): H igh dose chemoradiotherapy and 
autologous bone marrow transplantation in patients with refractory lymphoma. E11r. J Cancer 
Clin . Oneal . ,  l 9 : !09 1- 1096. 

78 .  Thomas, E. D. , Cl iff, R .  A . , Hersman, J. , Sanders, J. E. , Stewart, P. ,  Buckner, C. D. ,· Fefer, A. , 
Mc Guffin ,  R . , Smith ,  J. W ,  and Storb, R. ( 1982) :  Marrow transplantation for acute nonlym
phoblastic leukemia in first remission using fract ionated or single-dose irradiation. Int. J Radial. 
Oncol. Biol. Phys. , 8 : 8 1 7-82 1 .  

79. Thomas, M .  R . ,  Robinson, W A. ,  Glode, L .  M . ,  Dantas, M .  E . ,  Koeppler, H. , Morton, N. , and 
Sutherland, J. ( 1 982): Treatment of advanced mal ignant melanoma with high-dose chemotherapy 
and autologous bone marrow transplantation. A111 . J Clin . Oncol. (CCT), 5 :6 1 1-622 . 

80. Tobias, J. S. , and Griffiths, C. T. ( 1 976): Management of ovarian carcinoma. Current concepts 
and future prospects. N Engl. J Med. , 294:877-882. 

8 1 .  Tobias, J. S. , Werner, R .  S. , Griffiths, C.  T. , Richman , C. M . ,  Parker, L .  M . ,  and Yankee, R .  A. 
( 1 977): Cryopreserved autologous marrow infusion fol lowing high-dose cancer chemotherapy. 
Eur. J Cancer, 1 3 :269-277. 

82 .  Vriesendorp, R . ,  Aalders, J. G. , S leyfer, D. Th . ,  Post mus, P. E . ,  Wil lemse, P. H. B. , Bouma, J. , 

37 



and Mulder, N. H. ( 1 984) :  Effect ive high-dose chemotherapy wi th autologous bone marrow 
infusion in resistant ovarian cancer. G_\'llecol. Onco/. (in press) .  

83 .  Vuvan,  H. , Phi l i p ,  T. , Berger, F. ,  Bail ly. C. . Colon, F. , and Cord ier, J. F. ( 1 98 1 ) : Fatal hepatic 
veno-occlusive d isease-report of two cases. In: Bone Marrow Trampla111a1io11 in Europe II, edited 
by: J. L .  Touraine, E. G luckman, and C. Griscel l i ,  pp. 33-37. Excerpta /.,fedica . 

84.  Weiss, R. B. , Poster, D. S. , and Penta, J. S. ( 1 98 1  ): The nitrosoureas and pulmonary toxicity. 
Cancer Treat. Rel'. , 8 : 1 1 1 - 1 25 .  

85 . Wist , E . ,  The Norwegian Radium Hospi ta l ,  Oslo ( 1 983 ) :  Data presented a t  the EORTC workshop: 
Autologous Bone Marrow Transplantation in Sol id Tumours, Amsterdam . 

86. Wolff, S. N. , Fer, M .  F. ,  McKay, C. , Hainsworth, J. , Hande, K. R . ,  and Greco, F. A. ( 1 982) :  
High dose VP 16  and autologous bone marrow transplantation for advanced mal ignancies - a 
phase I study. Proc. AACR, 23: 1 34. 

87 . Wood, W. G. , Dehner, L .  P., and Nesbi t ,  M .  E. ( 1 980): Fatal vcno-occlusive disease of the l iver 
fol lowing high dose chemotherapy irradiation and bone marrow transplantation . A 111 . J Med. , 
68:285-290. 

88 .  Zander, A . , Spi tzer, G . ,  Legha, S. , Dicke, K . ,  Vellekoop, L . , Verma, D. , Minnhaar, G. , Sche l l .  
F. ,  B lumenschei_n ,  G. , and Bodey, G. ( 198 1  ) :  High dose AMSA and autologous bone marrow 
transplantation (ABMT) in patients with solid tumors. Proc. AACR, 22:234. 

38 



CHAPTER 4 

H igh- Dose Etoposide for Refractory Ma l ignancies: A Phase I Study1 

P. E. Postmus, * N. H. Mu lder, D. T. Sleij fer, A. F. Meinesz, R. Vriesendorp, and E. G. E. de Vries2 

Etoposide is active against a number of solid tumors when used in a standard dose. The 
toxicity at a standard dose level is mild myelosuppression without extramedullary toxicity. 
Recent studies in man support the dose-response relationship of etoposide. In a group of 22 
patients with progressive disseminated malignancies, the dose of etoposide was escalated to 
define dose-limiting extramedullary toxicity, which was oropharyngeal mucositis at a dose 
level of 3 .5 g/m2• Bone marrow toxicity was completely reversible. No cumulative toxicity 
was seen. Partial responses were seen in nine patients. In two of three patients with CNS 
m etastases, improvement was seen. Etoposide is a suitable drug for high-dose chemother• 
apy. [Cancer Treat Rep 68: 1471-1474, 1984] 

Etoposide, a semisynthetic podophyllotoxin derivative, 
is active against a number of solid tumors in a "standard" 
dose of 200-400 mg/m2 (1). This standard dose was deter
mined in phase I studies; dose-limiting toxicity in these 
studies was myelosuppression of modest degree and 
short duration (2,3). 

Cunently in clinical practice, much more severe hema
tologic toxicity is accepted (eg, in the treatment of acute 
leukemia and small cell lung cancer [SCLC]). This is due 
to the possibilities of improved supportive care, including 
prevention from infection (4), platelet transfusion, and 
feeding (5,6). From various experimental in vivo studies, 
there is evidence that for most cytostatic drugs, a posi
tive dose-response relationship can occur at dose levels 
above the standard dose (7). 

Etoposide is an ideal drug for a dose augmentation 
study, because increasing the dose up to 1 .5 g/m2 in pa
tients with acute leukemia resulted in temporary myelo
suppression and mild extramedullary toxicity (8). Fur
thermore, a dose-dependent activity against Lewis lung 
carcinoma and a human leukemic lymphoblast cell line 
was found in vitro (9,10), while in vivo data suggest a 
dose-response relationship in patients with germ cell ma
lignancies (11) and SCLC (12). 

At a standard dose, the activity of etoposide seems to 
be schedule-dependent (13); therefore, etoposide is gener
ally given in a fractionated schedule. The optimal way of 
fractionation is unknown. To evaluate more extensively 
the dose-limiting toxicity, we started a phase I study of 

1Re<:eived Jan 1, 1984; revised May 30, 1984; accepted June 18, 1984. 
2Departments of Pulmonary Disease (P. E. Post mus and A. F. Meinesz} 

and Medical Oncology (N. H. Mulder, D. T. Sleijfer, R. \lriese11dorp, and 
E. G. E. de Vries), State University Hospital, Groningen, The Nether• 
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etoposide administered iv two times a day for 3 consecu• 
tive days. 

MATERIALS AND METHODS 

Patients 

From November 1982 to September 1983, 22 patients 
with disseminated malignancies were entered in a phase I 
study with high-dose etoposide. Criteria for eligibility in 
the study were: age < 70 years, leukocyte count ?> 3.0 x 
109/L, platelet count ?> 100 x 109/L, no signs of bone mar
row involvement, Karnofsky score ?> 50, normal renal 
function (serum creatinine � 150 1-'mols/L), normal biliru
bin (� 25 1-'mols/L), and no effective therapy available. In
formed consent was obtained for all patients. 

Etoposide Administration 

Etoposide was diluted in normal saline to a maximum 
concentration of 0.8 mg/ml and administered iv in 1 
hour. Single doses > 800 mg were given in 1 .5  hours over 
3 consecutive days with six infusions of equal amounts at 
12-hour intervals. 

The starting dose of this study was 1.0 g/m2• Dose esca• 
lations were 0.5 g/m2 , and were to proceed if no unaccept
able toxicity was seen in any of three patients at that lev
el. Unacceptable toxicity, using the World Health Organ
ization (WHO) grading system (14), was defined as oral 

lands. 
• Reprint requests to: P. E. Postmus, MD, Department of Pulmonary 

Diseases, State University Hospital, Oostersingcl 59, 9713 EZ Groningen, 
The Netherlands. 



TAULE 1.-Grnding or obser\'ecl toxic effects • 

Grnclc -

Toxic efrect 0 2 3 

Oral No change Sorencss/erythemn Erythema, ulcers. cun Ulcers, requiring Alimentntion nut 
eat solids liquid diet only possible 

Diarrhea None Transient, ..;; 2 days Tolerable, but >  2 days I ntolerable, requiring Hemorrhagic 
thernpy dehydration 

Cutaneous No change Erythema Dry desquanrntion, l\loist desquamation, Exroliati\'C denuntitis, 
vesiculation, ulcerution nccrnsis requiring 
pruritis smg:icnl inter\'cntion 

Ncurotoxicity None Paresthesias aml/or Sc\'ere paresthcsins Intolcrnhle paresthesi:1s Paralysis 
decreased tendon and/or mild and/or marked motor 
reflexes weakness loss 

• Grades are according to WHO criteria (ref 14). 

mucositis (grade 4), diarrhea (grade 3), dermatitis (grade 
4), and neurotoxicity (grade 3) (table 1). To be evaluable 
for toxicity, the patient had to survive for at least 4 
weeks after the start of treatment. 

All patients received etoposide on an inpatient basis. 
Selective decontamination of the digestive tract (4) with 
oral antibiotics and oral amphotericin B was used to pre
vent infection. Platelet transfusions were given when 
bleeding was present or prophylactically if the thrombo
cyte count was < 15 x 1 09/L. Infection days were defined 
as days with fever � 38.5 °C (axillary) and the presence of 
either clinically or bacteriologically documented infec
tions. 

If no disease progression was present and no unaccept
able toxicity was seen, the patient was treated with 
another course in the same dosage. 

Response 

To be evaluable for response, the patient had to be fol
lowed up at least 4 weeks after the start of treatment. 

Complete remission was defined as the disappearance 
of all signs and symptoms of detectable tumor. Partial re
mission was defined as a decrease in the size of at least 
50% of the sum of the products of the largest perpendicu
lar diameters of measurable lesions. If a decrease in the 
level of an established tumor marker (eg, alphai-fetopro
tein or beta-human chorionic gonadotropin) of > 90% 
was seen in patients without measurable or evaluable le-

sions, this was also considered a partial response. Minor 
response was defined as a decrease of a measurable lesion 
between 25% and 50%. Stable disease was defined as a 
decrease or increase of a measurable lesion < 25%. 
Disease progression was defined as the growth of meas
urable lesions. Subjective response was defined as im
provement of neurological symptoms of CNS metastases, 
improvement of dyspnea due to pulmonary lymphangitis, 
improvement of pain due to tumor involvement, and nor
malization of hypercalcemia. 

RESU LTS 

Patients 

Of 22 patients entered in the study, there were 15 
males and seven females, with a mean age of 4 7 years 
(range, 21 -69). Nineteen patients were heavily pre
treated with combination chemotherapy with or without 
radiotherapy. In ten patients, the standard dose of etopo
side was included in combination chemotherapy. Nine pa
tients received more than one course of etoposide; six of 
these patients received more than two courses. 

Nonhematologlc Toxicity 

Moderate nausea and vomiting, controllable by anti
emetic therapy, was present in 1 1  patients (50%). Diar
rhea did not occur. Mucositis seems to have been dose-re
lated (table 2) and was dose-limiting in one patient after 

TABLE 2.-Mucositis 

Dose of ctoposide No. of courses Grade• -

(gim1 (No. of patients) 0 3 

1.0 9 (5) 5 4 
1.5 9 (4) 3 5 1 
2.0 10(4) 2 6 2 
2.5 5 (4) 
3.0 3 (3) 
3.5 2 (2) 

• Grades are according to WHO criteria (ref 14). 
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3.5 g/m2 . Mucositis was completely reversible within the 
period necessary for bone marrow recovery. Routine viro
logical investigations revealed a herpes simplex infection 
in only three patients. Two of these patients had typical 
herpes lip lesions, which were different from the mucosa! 
damage seen in the other patients. All patients without 
alopecia due to prior therapy had hair loss. No neurotox
icity occurred, nor did pre-existing neuropathy due to pri
or chemotherapy increase. In one patient after the first 
course of etoposide (2.0 g/m2), skin lesions developed on 
the neck, thorax, and arms comparable to the recently de
scribed Stevens-Johnson syndrome (15), There were no 
signs of acute or cumulative hepatic toxicity. Somnolence 
was not seen. 

In the patients receiving more than one course, no 
signs of cumulative toxicity with respect to mucositis or 
bone marrow function were observed. 

In one patient, hypotension and fever were seen shortly 
after the second infusion (3.0 g/rn2);  the following four in
fusions were given slower (2 hours), with no complica
tions. 

Hematologic Toxicity (table 3) 

The duration and degree of leukopenia and thrombocy
topenia did not increase with dose escalation. The 
moment of bone marrow recovery, defined as a leukocyte 
count > 1 .0 x 109/L and a thrombocyte count > 50 x 
109/L, is not postponed at the highest dose level, al
though the number of platelet transfusions was slightly 
increased. In ten of 38 courses, a clinically or bacteriolog
ically documented infection was seen, which responded 
to antibiotic treatment. 

Response (table 4) 

Seventeen patients were evaluable for response after 
one course. There were no complete remissions. Nine pa
tiel)ts had partial response, one had a minor response of 
cutaneous metastases of adenocarcinoma of the lung, and 
four had stable disease. Two patients had disease pro-

gression. One patient with a germ cell tumor had a good 
partial remission of systemic tumor, but progression of 
symptoms of meningeal carcinomatosis. In one patient 
with bone metastases, hypercalcemia normalized for a 
short period. In two patients without an evaluable tumor 
lesion, subjective improvement was seen: dyspnea due to 
pulmonary lymphangitis disappeared in one patient; the 
second patient had major improvement of pain and 
pareses due to meningeal carcinomatosis of SCLC for > 6 
months. 

DISCUSSION 

In this study, the dose-limiting toxicity of  high-dose 
etoposide, administered iv on 3 consecutive days, was 
oropharyngeal mucositis, occurring at 3.5 g/m2• The 
severity of the mucositis seems dose-related, although 
there is a rather great difference between individuals. 
The mucositis of the oropharyngeal region could be influ
enced by a local effect of etoposide in the saliva (16). The 
influence of herpes simplex on the mucositis is uncertain; 
our data concerning this aspect seem to exclude an impor
tant influence. Wolff et al (17) found dose-limiting 
mucosa! toxicity at a total dose of 2.7 g/m2 • This dose is 
lower than the total dose per cycle used in our study. This 
difference can possibly be explained by the different ad
ministration schedules used. Wolff et al used a schedule 
in which the total dose was divided into three infusions, 
probably leading to higher peak plasma and saliva levels 
of etoposide. Clinical signs of mucositis of the lower part 
of the digestive tract were not seen. 

The hematologic toxicity was severe, but not dose
dependent. The duration of leukopenia and thrombocyto
penia was not long enough to expect any benefit from au
tologous bone marrow transplantation (ABMT) as was 
done by Wolff et al (17). Moreover, the moment of bone 
marrow recovery in a comparable study using high-dose 
cyclophosphamide and high-dose etoposide with ABMT 
(18) was considerably postponed compared to the pa
tients discussed in this study. 

Several responses were seen. The assumption that a 

TABLE 3.-Hematologic toxicity 

Dose of 
etoposide (g/m 2) 

1.0 
1 .5 
2.0 
2.5 
3.0 
3.5 

• x 109 ceUs/L. 

No. of courses 
(No. of patients) 

9 (5) 
9 (4) 

10 (4) 
5 (4) 
3 (3) 
2 (2) 

t Day 1 = 1st. day of chemotherapy. 
:j: Axillary temperature � 38.5 °C. 

Mean No. of days (range) 
with leukocyte count • -

<. 0.5 

5 .1  (0-10) 
5.0 (0-8) 
2.4 (0-9) 
5 (1-10) 

10.0 (9-11) 
6.5 (6-7) 

<. 0.1 

0.6 (0-3) 
0 
0.6 (0-6) 
0.4 (0-1) 
2,0(1-5) 
2.0 (1-3) 

Mean No. of 
days (range) 
with platelet 
count� 20 • 

1.0 (0-3) 
3.1 (1-7) 
3.2 (1-8) 
3.0 (1-4) 
5.3 (4-7) 
3 5 (3-4) 
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i\-lean cycle Day 
(range)t with 

Mean No. of leukocyte count 
platelet > 1.0 • and 

transfusions platelet count No.of 
(range) > 50• infection dayst 

0.7 (0-2) 19 (17-21) 1.2 (0-4) 
1.0 (0-2) 19 (19-21) 0.4 (0-3) 
1.8 (1-4) 18 (16-18) 1 .8 (1-4) 
2.0 (1-3) 17 (16-18) 2.2 (0-6) 
2.6 (2-3) 23 (21-26) 3,0 (2-4) 
1 .5 (1-2) 17 5.5 (4-71 



TAUI.E 4.-Response after I rourse 

Diagnosis 

Breast cancer 
Adcnocnrcinoma, lung 
Adenocardnomn, unknown origin 
Endometrium c:ircinorna 
Squamous carcinomn, lung-
SCLC 
SCLC, CNS metastases only 
Germ cell tumor 

No. of patients• 

PH MH SD 

5§ 

DP NE 

2+ 

Duration or response (mos) 

I .  2 . . J 
3 

I, 1. l .o. 1 .5,  2 

• PH =  partial remission; MH = minor response: SD = stable disease; DP = disease progression; NE = not evaluable. 
t Improvement of dyspnea due to pulmonary lymphongitis, normalization or hypercalcemia. 
; Improvement of symptoms due to meningeal carcinomatosis. 
§ 1 patient with mixed response: progression of meningeal carcinomatosis, but regression of tumor elsl'where. 

dose-response relationship exists for etoposide is sup
ported by the short-term response seen in a patient with 
adenocarcinoma of the lung, since the tumor in this pa
tient was progressive during standard-dose etoposide; a 
nearly partial remission was observed of several cutane
ous metastases. Also, the effects seen in three breast can
cer patients are promising; although the number of pa
tients is small, the response rate is higher than that ex
pected from standard-dose therapy (8% response rate) 
(1). An unexpected effect of high-dose etoposide was the 
response of CNS metastases in two patients with SCLC. 
Pharmacokinetic studies in these patients showed detect
able levels of etoposide in the cerebrospinal fluid (19). In 
contrast with this is the progression of meningeal car
cinomatosis in a patient with a germ cell tumor during a 
partial response of the tumor elsewhere. The assumed 
dose-response relationship and the effect against CNS 
metastases of SCLC make etoposide a suitable drug for 
incorporation in high-dose regimens. The dose suitable 
for further phase II studies seems to be 2.5 g/m2 . For 
studies on an outpatient basis or in combination regi
mens, 1 .5 g/m2 is probably the highest tolerable dose (18). 
Pharmacokinetic studies have to be performed to decide 
whether the administration scheme of etoposide in this 
study is optimal. Perhaps different schemes, such as con
tinuous infusion, may be more effective. 
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CHAPTER 5 

PHARMACOKINETICS OF HIGH DOSE ETOPOSIDE (VP  16-2 1 3 ) .  

J .J.M. Holthuis, P. E. Postmus, W. J. van 

D. Th. Sleij fer, N. H. Mulder. 

Oort, H. Verleun, A. Hulshoff, 

SUMMARY. 

This paper descri bes the pharmacokinetics of etoposide in cancer 

patients after h igh dose administra tion (up to 3. 5 g/m2 ) .  High 

performance l iquid chromatography with elect rochemical detection was used 

to determine etoposide, the trans hydroxy acid of etoposide, 

cis-etoposide and the glucuronide of etoposide in plasma, bile, 

cerebra-spinal fluid, urine, saliva and ascites. The plasma 

concentration-time curve shows a tri-phasic decay. The terminal phase is  

very slow. I t  was concluded that etoposide is strongly bound in  the 

peri pheral compartment. The volume of the central compartmen t varied from 

7. 4 to 20. 1 liters/m2 and the steady state volume of distribution from 

3. 1 to 7. 8 liters/m2. Relatively high concentrations of etoposide were 

found in saliva, bile, ascites and urine and low concentrations in 

The total body clearance varied from 1 2. 0  to 26. 8 cerebra-spinal fluid. 

ml/min/m2. Of the administered dose 26. 1 2 

unchanged etoposide into the urine and 8. 3 -

- 53. 4% was excreted as 

17. 3% as  glucuronide into 

the urine. Very low amounts of the trans hydroxy acid of etoposide were 

detected in the urine, Glucuronides were found in urine and duodenal 

fluid but not in plasma. 

INTRODUCTION . 

Etoposide is  a semi-synthetic podophyllotoxin derivative, active 

against a variety of solid tumors ( 1 ) . Under physiological cond itions the 

drug is neu tral and has a high lipophylicity. The standard dose, 200-400 
2 mg/m , was defined in phase I studies ( 2, 3 ) .  At this dose level 

pharmacokinetic studies showed an open two-compartment. model ( 4-8).  

The limited toxicity, primarily myelosuppression, of etoposide at  the 

standard dose level 

Dosages up to 2. 5 

makes it  a suitable drug for much h igher 
2 g/m are considered to be possible without 
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Table 1 .  Survey of patients. 

Patient Sex Age Body Total Diagnosis 
Yrs weight surface dose 

kg m2 g/m2 

A. P. M 53 72 1 . 8  0 . 5  TCC 
0 . L. M 47 55 1 .  7 0 . 5  GC 
G.F. M 56 65 1 .  9 1 . 0  SqCLC 
L. M, M 55 98 2 . 4  1 . 5  SCLC 
N. S. M 53 60 1 .  7 1 . 5  SqCLC 
R. D. M 56 88 2 . 2  2 . 0 SCLC 
H. S. M 48 83 2 . 2  2 . 5  AC 
H. H. M 40 86 2 . 1  2 . 5  GCC 
J. M. M 41 76 1 . 8  2 . 5  GCC 
J. J. M 21 92 2 . 2  2 . 5  GCC 
J. K. M 50 95 2 . 2  3 . 0  SCLC 
L . G. * M 48 82 2 . 1  3 . 5  GCC 
F. V. F 71 62 1 . 8  1 . 0 oc 

P. M. M 21 88 2 . 0 3 . 5  GCC 

SCLC small cell lung carcinoma AC adeno carcinoma 
TCC transitional cell carcinoma GC gastric cancer 
SqCLC squamous cell lung cancer oc ovarian cancer 
GCC germ cell carcinoma * received diphantoine 

Fig. 1. Proposed pharmacokinetic model for etoposide after high dose i. v. 
administration to humans. 
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ex tra-medullary toxicity (9 , 10 ) .  The pharmacological behaviour of the 

d rug and its metabolites at this dose level are interesting , because if  

other myelotoxic drugs are combined wi th high dose etoposide , the use  of 

autologous bone marrow transplantation may become necessary (1 1 ). The 

moment of bone marrow reinfusion depends in this si tuation on the level 

of drugs still present in the bod y. 

In the only up  till now reported study of the pharmacokinetics of 

high-dose etoposide , the distribution and excretion were apparently not 

influenced by the dose ( 1 2 ) .  In that stud y ,  however , data beyond 24 hours 

af ter the infusion were lacking and possible metabolites were not 

reported. 

In this report we describe the results of a more extensive 

pharmacological study of high-dose etoposide. 

MATERIALS AND METHODS. 

Patients and therapy. 

Fourteen patients with persistent or progressive malignant disease 

were studied (table 1 ) .  All patients had normal renal and liver 

functions , a Karnofsky score > 50, and gave informed consent. 

All patients received etoposide on three consecutive days with six 

infusions at twelve hours interval. Etoposide was dissolved in normal 

saline , with a maximum concentration of 0. 8 mg/ml, and administered i. v. 

in 1 hour. Single doses over 800 mg were given in 2 hours (10 ) .  

One patient (L.M. ) also received cyclophosphamide in a total dose of  7 
2 g/m . 

Drugs and chemicals. 

Etoposide (VepesidR ) and teniposide R (Vumon ) were obtained from 

Bristol Myers Nederland B. V . .  All other chemicals were of analytical 

g rade and obtained from commercial sources and were used without further 

purification. 

Sampling. 

Blood plasma was collected by an in-dwelling heparine lock which was 

placed in an arm vein opposite to the infusion site, Samples of 5 ml were 

collected in 

centri fugation 

heparinized tubes 

for 10 minutes at 

and 

4°C. 
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plasma samples at O ,  l ,  1 . 25 ,  1. 5 ,  2 ,  3 ,  5 ,  and 12 hours after each 

administration and also at 24 , 36 , 60 , 84 , 108 , 1 32 ,  1 56 and 1 80 hours 

af ter the last administration . There were a few slight deviations from 

this sampling scheme. The 

pharmacokinetic evaluation. 

exact sampling times were used for 

The urine excreted wi thin 3 to 6 hour periods was collected and after 

homogenizing 

The urine 

and establishing of the volume , a 100 ml sample was stored. 

was collected for up to 168 hours after the first 

administration of etoposide . 

Saliva samples were collected from a few patients at the same time as 

the plasma samples. To collect saliva the patient was asked to chew on a 

tablet of teflon and 2 ml of the produced saliva was stored. 

Duodenal f luid was aspirated from the proximal part of the duodenum 

via a polyvinyl chloride  tube already inserted for nutritional purposes. 

The position of the tube was controlled by fluoroscopy. 

Cerebra-spinal fluid (CSF ) samples of 1 . 5  ml were taken from an Omaya 

reservoir. 

Ascites fluid samples of 1 . 5 ml were taken during diagnostic or 

palliative percu tane puncture. 

All samples were stored at -20°C until assayed. 

Analysis. 

Etoposide levels in biological f l uids were measured by high 

performance liquid chromatography ( HPLC ) with electrochemical detection , 

as previously reported ( 1 3 ) .  At concentrations lower than 250 ng/ml , 1 . 0  

ml o f  biological fluid was extracted with 2 ml 1 , 2-dichloroethane (DCE ) ,  

at higher concent rations 0. 1 ml of the biological fluid was sufficient 

for extraction with 1.0 ml DCE. Teniposide , a structure-analog of 

etoposide , was used as internal standard. The calibration samples were 

prepared by add i t ion of etoposide to d rug free biological fluids. These 

samples were  analyzed simul taneously. 

Etoposide glucuronide was determined by the analysis of e toposide 

after the enzymatic  hydrolysis of the etoposide glucuronide. Prior to the 

hydrolysis with !3-glucuronidase from bovine liver (Sigma Chemical 

Company ) ,  the u rine (pH 7. 0 )  was pre-extracted twice with a 6 fold amount  

of DCE. An  amoun t  of 100 ul of the pre-extracted urine was added  to 1 . 0  

nil O. 2 mM acetate buffer ( pH 5. 0 )  containing 2000 U t3-glucuronidase per 
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ml. The mixture was incubated at 37°C during 16 hours. Etoposide which 

was liberated during the incuba tion was determined as described a bove . 

For the determination of the trans hydroxy acid of etoposide in urine , 25 

µ l  of the pre-extracted urine  i s  in jected onto the HPLC system. 

Elec trochemical detection at +750 mV was used. The mobile phase consisted 

of  a mixture of water , methanol and acetic acid (73 : 25 : 2 w/w). An 

µ Bondapak phenyl column and a flow of 1 . 0  ml /min was used. The analytical 

methods used for the detection of these metaboli tes are extensively 

described in reference 14.  

Pharmacokinetic data analysis. 

Etoposide concentration-time curves are presen ted on a 

semi-logarithmic scale. The pharmacokinetic data analysis was performed 

with a NON-LIN computer program ( 1 5 )  extended by means of a Dirac Delta 

function to fit  multiple  dose data ( 1 6 ) .  I t  was assumed that the 

d isposition of etoposide did not vary from admini stration to 

administration. The log plasma concentration-time curves were fi tted to 

an  open three compartment model with elimination from the central 

compartment ( f ig. 1 ) . From the fitting procedure the following parameters 

were obtained : Ve ' the volume of the central compartment ;  ke apparent 

first order elimination rate constant from the central compartment ; the 

apparent first order intercompar tmental transfer rate constants , k 1 2 , 

k2 1 , k 1 3  and k3 1. The rate constants CJ, I s and y and other 

pharmacokinetic parameters were calculated as described by Gibaldi and 

Perrier ( 17 ) .  The area under  the plasma concentration-time curv e  (AUC ) 

was calculated by numerical integration using the trapezoidal rul e ,  from 

zero to the 

concentration ) .  

last 

The 

measured concentration 

area under the moment curve 

< 0. 2% of the peak 

(AUMC ) ( AUMC = (c  x t) 

versus t )  was calculated using the linear trapezoidal method . Total body 

c learance (Cltot in ml/min/m2 ) for the multiple iv  infusions was 

calculated by dividing the total dose (D in mg) by the total AUC 

( mg. hr/1) and by the body area (m2 ) of the patient. The renal clearance 

(Clren ) was calculated by dividing the total excreted amount of unchanged 

e toposide ( i n  mg) in the urine by the AUC. The clearance due to the renal 

excretion of etoposide glucuronide (Cl 1 ) was calculated by dividing 
g UC 

the total amount of etoposide excreted as glucuronide , by the AUC. The 
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Table  2 .  Pharmacokinetic parameters obtained from the curve fitting of the 
plasma concentration time curves of  each patien t .  

Patient k kl2  k21 kl3 k31 e C 

hr 
-1 

hr -1 hr -1 
hr 

-1 
hr-1 x 10

-4 
1 

A . P .  0 . 1 798 0 .  7120 0 . 6833 0 . 2608 7 . 4742 7 . 4  
0. L. 0 . 1 283 0 . 1586 0 . 1552 0 . 0778 0 . 9415 10 . 9  
G. F. 0 . 0675 0 . 0185 0 . 0173 0 . 0825 3 . 5280 13 . 2  
L. M. 0 . 1573 0 . 01 51 0 . 0509 0 . 1359 0 . 0554 12 . 6  
N. S. 0 . 1010 0 . 0140 0 . 0515 0 . 0763 0 . 0008 11 . 9  
R. D. 0 . 0981 0 . 0293 0 . 0439 0 . 0829 0 . 1 216 12 . 7  
H . S. 0 . 0660 0 . 0253 0 . 0863 0 . 0867 0 . 3170 12 . 6  
H . H. 0 . 1877 0 . 0296 0 . 0471 0 . 1599 0 . 0017 9 . 6  
J . M. 0 . 0896 0 . 0162 0. 0543 0 . 0709 0 . 0015 13 . 8  
J . J. 0 . 0906 0 . 5064 0 . 8523 0 . 0869 4 .'6550 10 . 5  
J . K. 0 . 1108 0 . 0020 0 . 0067 0 . 0875 0 . 0095 14 . 7  
L. G. 0 . 1341 0 . 0167 0 . 0327 0 . 0270 0 . 4316 20 . 1  

mean + s . d .  12 . 5  + 3 . 1  
median 12 . 6  
range 7 . 4  - 20 . 1  

Patient Vd S* t
½ a 

t½ 
Ct s y 2 S 

hr -1 
hr -1 -1 hr x 10-4 

1 hr hr 

A . P .  1 . 6520 0 . 1826 3 . 0400 7 . 3  0 . 42 3 . 80 
0. L. 0 . 4486 0 . 0713 0 . 5860 1 9 . 6  1 . 55 9 . 72 
G.F. 0 . 1707 0 . 0152 1 . 58 56 . 0  4 . 06 45 . 59 
L. M. 0 .  3113 0 . 0479 0 . 0297 41 . 4  2 . 23 14 . 47 
N. S. 0 . 1962 0 . 0465 0 . 0005 25 . 9  3 . 53 14 . 90 
R. D. 0 . 2176 0 . 0363 0 . 0659 34 . 2  3 . 18 1 9 . 09 
H. S. 0 . 1975 0 . 0667 0 . 1370 12 . 5  3 . 51 10 . 39 
H. H. 0 . 3813 0 . 0429 0 . 0009 42 . 0  1 . 82 1 6 . 1 5  
J . M. 0 . 1835 0 . 0475 0 . 0009 26 . 0  3 . 78 14 . 59 
J. J. 1 . 430 0 . 1060 2 . 37 9 . 0  0 . 49 6 . 54 
J. K. 0 . 2003 0 . 0070 0 . 0053 246 . 3  3 . 46 99 . 00 
L. G. 0 . 1814 0 . 0290 0 . 3590 92 . 9  3 . 82 23 . 90 

mean + s . d .  2 . 65+1 . 3 1  23 . 18+26 . 17 
median 3 . 46 14 . 90 
range 0 . 42-4 . 06 3 . 80-99 . 00 

k x V 
* V d S= 

e C -------
13 
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model-independent steady state volume of distribution (Vdss ) and the mean 

residence time (MRT) were calculated for multiple infusions , as described 

by  Perrier et al . ( 18 ) .  MRT was corrected for the infusion time. 

RESULTS. 

Plasma concentrations of etoposide and metabolites. 

In 1 2 patients it was possible to measure plasma levels during and 

a f ter the six infusion. The peak levels after the six infusions were not 

different , suggesting that cumulation did not occur. 

After the first  five infusions a biphasic decay was seen , however , 

a f ter the sixth infusion a t riphasic decay was found. The third phase was 

detectable after approximately 24 hours after the six th administration. 

The plasma concentrations after 168 hours f rom the start of the infusions 

varied between 10 and 250 ng/ml. A representative curve is shown in 

figure 2 . 

The first order mass transfer rate cons tants , the distribution and 

elimination rate constants are shown in table 2. A linear relation ( f ig. 

3 )  was found between the total administered dose and the AUC up to a dose 

of  3 g/m2 ( r  = 0. 945 1 ) .  The level of cis-etoposide in the plasma is less 

than 5% of the concentration of etoposide. Other me tabolites , i. e. the 

glucuronide of  etoposide 

etoposide , were  not found. 

and the transhydroxy acid derivative of 

Renal excretion of  etoposide and its metabolites. 

The total body clearance (Cltot ) '  the clearance due to the renal 

excretion of etoposide (Clren ) and the glucuronide of etoposide (Clgluc ) 

are shown in table 3. The amount of unchanged etoposide in the urine 

varied between 26. 2 and 53. 4% of the total administered dose , whereas the 

amount of the glucuronide of etoposide in the urine was 8 . 3-1 7. 3% of the 

total dose. Together 34. 5-66% of the amount of etoposide is excreted into 

the urine. 

The amount of the transhydroxy acid derivative of etoposide in the 

urine is very small ( table 4 ) .  The amount of the cis isomere is also < 

1 %  of the administered dose. 
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Fig. 2. Log plasma (A) and log saliva (B ) concentrations vs. time curve 
after administration of 2 x 500 mg and 4 x 400 mg etoposide 
(Patient N. S. ) .  
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Fig. 3. Relation between the total area under the plasma concentrations 
vs. time curve (AUC ) versus the total administered dose. 
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Table 3. Model-independent pharmacokinetic parameters. 

Patient AUC Cltot Cl Cl glue Dose MRT Vd ren ss 
mg. hr/! ml/min/m2 ml/min/rn2 ml/min/m2 g hr l/m2 

A. P. 311 26. 3 14.3 3. 4 0.90 3. 14 3. 1 
0. L. 510 16. 2  6. 0 2. 8 0. 84 4. 63 4. 5 
G. F. 975 16. 8 4. 4 1.4 1 . 86 4. 17 4. 2 
L. M. 1211 20. 6 5. 6 2. 4 3. 60 3. 14 4. 2 
N. S. 1355 18. 8 7. 1 2. 3 2. 60 4. 28 5. 1 
R. D. 2786 12.0 n. d. n. d. 4. 50 5.36 4. 8 
H. S. 2802 14. 1 5.9 2. 0 5. 20 4 , 84 4. 1 
H. H. 2465 17 . 4  8. 9 2. 5 5. 40 4. 32 4. 4 
J. M. 2687 15. 5  n. d. n. d. 4. 50 4. 75 5. 3 
J . J .  2517 13. 5 n. d. n. d. 4. 50 4 . 52 3. 7 
J. K. 3317 15. 1  6. 4 1. 5 6 , 60 3. 96 4. 7 
L. G. 2193 26. 0 8. 2 4. 4 7. 20 5. 17 7. 8 

mean+s. d. 17. 7+ 4. 7 7. 4+2. 9 2. 5+0. 9 4. 36+0.70 4. 7+1 . 2  
median 16. 8 6. 4 2-:-4 4-:-42 4. 5 
range 12. 0-26. 8 4. 4-14.3 1. 4-4 . 4  3. 14-5. 17 3.1-7.8 

Total D (mg ) X X u u 
Cltot Cl Cl 

Total AUC x B. A. ren Total AUC x B.A. glue Total AUC x B. A. 

X u 

n. d. 
B. A. 

Vd ss 

Amount (mg ) of unchanged 
into the urine 
not determined 
body area (m2 ) 

D (AUMC 

AUC (AUC 

El X. dt) 

E D ) 

etoposide or etoposide 

MRT 
(AUMC E J X. dt ) 

(AUC E D ) 

glucuronide excreted 

00 

E / X. dt 

E D  

(k 0 • T2 /2) l +(k 0 • T2 /2) 2+ (k 0 • T2 /2) 3+(k 0 • T2 /2 ) 4+ (k 0 , T2 /2 ) 5+ (k 0 • T2 /2) 6 

(k 0 . T ) 1+(k 0. T ) 2+(k 0 . T ) 3+(k 0 . T ) 4+(k 0 . T) 5+(k 0 . T ) 6 

The subscript refers to the infusion 

T infusion time (hr ) 
k 0 zero order infusion rate (mg/hr ) 
D dose in mg = k 0 . T  
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Table 4. Excretion of etoposide ( %  of the total dose) as the trans hydroxy 
acid derivative of etoposide. 

Patient % of total dose Patient % of -t;otal dose 

A. P. 1. 1 H. S. 0 . 7  
0. L. 0. 9 H. H. 1 . 2  
G. F. 0. 5 J.K.  0. 2 
N. S. 0. 4 L. G. 2. 2 

mg mg cum. 

100 1000 

80 800 

60 
. . 

600 

" 400 

.
. 

20 200 

. . 

" " 71 .. 120 "' 
Time (hours) 

mg A 

. . . 

. . 2000 

. 
. 

300 . 
. 

200 . 1000 
. 

. 
,-

100 . 

� . 

" " 71 .. 120 "' 
Time (hours) 

Fig . 4. Cumulative urinary excretion curve of unchanged etoposide (A) and 
its glucuronide ( B )  after administration of 4 x 900 mg and 2 x 
800 mg etoposide ( Patient H. S � ) .  

52 



In all patients the plateau of the cumulative excretion was reached 

within 12  hours of the last infusion . An example of this is shown in 

figure 4. 

Exc retion of etoposide into sali va. 

The amount of etoposide in the saliva is small ; in table 5 the 

saliva/plasma concentration ratios ( s/p) are shown and in figure 2 an 

example of plasma and saliva curves is shown . These ratios were in the 

d istribution and elimination phase not different. The curves of the 

saliva and plasma concentrations run in parallel ( fig. 2) . The amount of  

etoposide bound to  plasma albumin has been calculated by  multiplicating 

( 1-s/p) by 100% ( see table 5) . 

CSF concentrations of etoposide. 

In patient L.G. CSF levels were measured several times during the 

d i fferent infusions ( f ig. 5) .  The amount of etoposide found in the CSF is  

small. The curves of figure 5 suggest that the penetra tion of etoposide 

into CSF is slower than the distribution into the central compartment , 

during the second phase the curves run in parallel. 

Etoposide concentrations in bile . 

In one patient concentrations of etoposide and its metabolites were 

measured in duodenal fluid during one infusion. The concentration of 

etoposide was 2-3 times higher than in plasma. The concentration of  

etoposide-gl ucuronide was about 1/10 of the etoposide concentration. The 

peak of etoposide-glucuronide appeared 45 minutes after the etoposide 

peak in the duodenal fluid . The curves are shown in fig. 6. 

Penetration of etoposide into ascites. 

In one patient etoposide concentrations were measured simultaneously 

in plasma and ascites . The distribution occurs at  a lower rate than in 

plasma as is shown in figure 7 .  Regarding the somewhat higher levels in 

the ascites during and after the fifth etoposide infusion compared with 

the first infusion there is a slower clearance from the ascites than from 

plasma , resulting in cumulation. 
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Table 5. 

Patient 

A. P. 
N. S. 
H. H. 
J .M. 
J. J. 
L. G. 
P. M. 

Saliva concentration/plasma concentration ratios of etoposide in 
different patients. 

saliva/plasma s. d. n total dose 
ratio x 100% g/m2 

1. 85 0. 63 6 0. 5 
1. 60 0. 64 16 1. 5 
1. 68 0. 53 11 2. 5 
0. 65 0. 34 14 2. 5 
1. 39 0. 56 36 2. 5 
2. 48 1. 39 33 3. 5 
1. 79 0. 62 8 2. 5 

0.1 

o.01+-
0

---20
--- 4

-
0- --60-- -8,.,0- -

-,,

100:-::------:-=120::----c14cc0 -----:16;:;;0-

Time (hours) 

"bound" 
% 

98. 2 
98. 4 
98. 3 
99. 4 
98. 6 
97. 5 
98. 2 

Fig. 5. Log plasma ( • )  concentration and log CSF (e) concentration time 
curve after administration of 6 x 1200 mg etoposide ( Patient L. G. ) .  
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Fig , 6 ,  Log plasma concentration ( etoposide e )  and log duodenal fluid 
concentration ( etopos i de ■ and etoposide  glucuronide T )  vs . time 
curve after administration of 1 200mg etoposide in a 2 hours ' 
infusion ( Patient P . M . ) .  

1 0  s o  Time (hours)-

F ig .  7 ,  Log plasma concentration (■)  and log ascites (e)  concentration time 
curve for etoposide after administration of 300 mg in a 1 hours ' 
infusion ( Patient F . V . ) at 0 and 48 hr . 
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DISCUSSION. 

In this study a biphasic decay of the plasma concentrations was seen 

during the first five infusions. After the sixth infusion a triphasic 

decay was found; the time between two infusions was too short to find 

this third phase. The obtained plasma concentration curves were fitted to 

an open three compartment model with elimination from the central 

compartment ,  using a computer program which enables multiple dose data to 

be fitted. The data from this fitting process indica te that the half life 

time of the third phase is very long , the small number of data obtained 

during this period makes it not realistic to calcula te this half life 

time. 

The found three compartment model is in contrast with data from the 

literature. Pharmacokinetic studies (4-8 , 1 2) of oral , standard dose i. v. 

or high dose i. v .  etoposide all show an open two compar tment model , 

however , in all studies the sensitivity of the assay is too low or the 

study period too short to detect a third phase. 

The rate of influx into the peripheral compartment during the third 

phase , represented by k 1 3 , is very large compared with the rate of  efflux 

back into the central compartment , k3 1 ; this indicates that etoposide is 

almost irreversibly bound to the tissue in this compartment. This strong 

binding in the peripheral compartment partly explains the limited 

excretion of etoposide and metabolites into the urine; in a study using 

radio-labelled etoposide only 44% of the given amount was found in the 

urine within 72 hours ( 4 ,  5). 

The total body clearance (Cl ) found in this study is lower than in tot 
the high dose study of Hande et al . (1 2). This is  explained by the 

underestimation of the AUC caused by extrapolating the second phase to 

infinity. The MRT found is comparable to the MRT after low dose etoposide 

( 1 9) .  

The amount o f  etoposide excreted into the urine indicates that this is 

a significant elimination pathwa y ,  although the interindividual variation 

is high. The amount  of etoposide excreted after high dosages makes it 

probably necessary to ad just the dose in patients  with renal impairment 

whereas with low dose etoposide this is not necessary (20) . 

Owing to the physico-chemical properties of etoposide , e. g. a 

lipophylic compound with some hydrophylic groups ,  its low solubility and 
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its high molecular weight , it is likely that 

eliminated by the liver and excreted into the bile. 

another part will be 

This is sup ported by 

the presence of etoposide in the faeces af ter parenteral administration 

(5) ;  in rats etoposide and its glucuronide were found in the bile (21 ) .  

In one patient we detected higher levels of etoposide in the duodenal 

fluid than in plasma , this reflects the concentration of etoposide in the 

bile and proves that etoposide is actively excreted by the liver into the 

bile. The amount of the glucuronide of etoposide found in the duodenal 

fluid was ten times lower than the etoposide concentration and its 

excretion was delayed compared to etoposide. 

The excretion of etoposide into the duodenum could be the start of an 

entero-hepatic cycle , however , the plasma concentration curve does not 

indicate the absorption of etoposide in the period between two infusions. 

This is in contrast with the known absorption of orally administered 

etoposide (22 ) , although the absorbed amount can be 40% of the given 

dose. 

An important elimination pa thway might be the metabolism of etoposide. 

Although the exact metabolic pattern of etoposide is unknown , in this 

study glucuronidation proved to be a major metabolic pattern, whereas the 

trans hydroxy acid derivative was found in small amounts in the urine. 

The importance of the metabolism for the elimination was even more  

striking in  patient L. G. ; the metabolism probably was enhanced by the 

concomittant use of diphantoine resulting in the increased synthesis of 

metabolising enzymes . In this patient the AUC was small and deviated from 

the linear relation bet�een the total dose and the AUC found in other 

patients (fig. 3 ) .  The amount of etoposide glucuronide and the trans 

hydroxy acid derivative in the urine was large in comparison with the 

other  patients. 

The excretion of etoposide into the saliva can not be influenced by pH 

variations , it depends on the lipophylicity and the binding to plasma 

proteins. The excretion into the saliva is fast and the salivary glands 

probably belong to the central compartment. From the parallel plasma and 

saliva concentra tion curves one can assume that the saliva concentrations 

are a reflection of the amount of free e toposide , the ma jor part (mean 

98. 4 ± 0. 57%) is bound to protein. This is even higher than was found in 

vitro (94%) by Allen et al. (4) .  
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The penetration of etoposide in to the CSF is lower than was expected 

from the lipophylicity of etoposide, this is probably explained by the 

already mentioned high protein binding of etoposide. Despite the low 

levels in the CSF, the amount of etoposide in the brain is apparen tly  in 

the active range regarding the responses seen in patients with brain 

metastases of small  cell lung cancer ( 23 ,  24 ) .  
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CHAPTER 6 a  

Penetration of VP  16-213 into Cerebrospinal Fluid After High-Dose 
Intravenous Administration 

By P .  E .  Postmus, J. J. M. Holthuis, H. Haaxma-Reiche, N. H. Mulder, L .  M. Vencken, W. J. van Oort, 

D.  T. Slei jfer, and H. J .  Sluiter 

VP 1 6-2 1 3  in  standard doses is active against a num
ber of solid tumors. Its penetration into the cerebrospi
nal fluid (CSF) is very l imited al these dose levels. In 
10 patients treated with high-dose VP 1 6-2 1 3  (0.9-
2.5 g/m2), CSF levels of up to 0.54 µ.g/ml were detect
ed. In two patients with central nervous system (CNS) 

V 
P 1 6-2 1 3  is a semisynthetic podophy l lo
toxin derivative that is active against a 

number of solid tumors . 1 .2 Major therapeutic ac
tivity for the drug has been found in smal l  cell 
lung cancer (SCLC) and germ-cel l  mal ignan
cies . 3-6 Dosages up to 400 mg/m1 showed minor, 
primarily hematologic toxicity . U  Pharmacoki
netic studies at these conventional dose levels in 
humans showed hardly any penetration of VP 1 6-
2 1 3  i nto the cerebrospinal fluid (CSF) . 7 Increas
ing the dosage of VP 1 6-2 1 3  up to ·1 ,500 mg/m1 

leads to severe reversible myelosuppression in 
humans but only minor extramedul lary toxicity ."  

In two phase I studies on the feasibi l ity of 
high-dose VP 1 6-2 1 3  i n  patients with progres
sive solid tumors, we investigated CSF levels 
and the effect against central nervous system 
(CNS) metastases from SCLC. 

MATERIALS AND METHODS 

Patients 

All palienls who en1ered 1he phase I sludies were pre1rea1ed 
wilh slandard lherapy and had progressive disease al 1he lime of 
enlrance inlo lhe s1udy (Table I ) . Normal renal and hepalic 
funclion were enlrance crileria for lhe phase I studies. Histologic 
diagnoses were: SCLC (seven patienls), adenocarcinoma of lhe 
lung (one patient), squamous cell carcinoma of the lung (one 
patient). and nonseminoma1ous lesticular cancer (one patient). 
Cranial radiotherapy (30 Gy) had been given several months 
before study enlry in patienls no. I .  2, 6.  7. 8, and 9. In  patients 
no. 3 and 4 cranial radiolherapy was given between 1he first and 
second chemotherapy course with VP 1 6-2 1 3 .  

All patienls were considered to b e  a t  high risk for CNS metas
lases; in all palients with signs and/or symploms of cerebral 
melastases lhe diagnosis was confirmed by compulcr assis1ed 
lomography. 

lnfeclion prcvenlion during granulocylopenia was given by 
selec1ive deco111amina1ion of lhe digeslive 1rac1. '' 
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metastases of smal l  cell lung cancer (SCLC) a response 
was seen after 1 .0 and 1 .5 g/m2 intravenously. High
dose VP 1 6-2 1 3  can possibly play a role in the treat
ment of CNS metastases of SCLC. Its application in 
late intensification regimens as a form of prophylaxis 
of CNS metastases should be investigated. 

Chemotherapy 

All pa1ien1s received VP 16-2 1 3  during lhree consecu1ive 
days. lhe 101al dose was divided into six one-hour infusions wilh 
1 2-hour inlervals. VP 1 6-2 1 3  (Vepesid••; Bris1ol Laboralories, 
Syracuse. NY) was dissolved in normal saline wilh a maximum 
concentration of 0.8 mglmL. In  pa1ien1s no. I ,  2, 3. 4 ,  and 5 
more than one course was given. 

In pa1ien1s no. 6 and 9 cyclophosphamide was also given in  a 
101al dose of 7 g/m2 • These pa1ien1s look pan in a second phase I 
s1udy and underwenl au1ologous bone-marrow transplantalion. 

Sampling 

CSF was procured by lumbar puncture wilhin 24 hours afler 
lhe lasl infusion of VP 1 6-2 1 3  (Table 2). In some patients sam
ples were also oblained several days afler the last infusion and 
before 1he following course of VP 1 6-2 1 3 .  Togelher wilh 1he 
CSF, blood samples werecollecled. CSF samples were placed in 
glass lubes and centrifuged at 10 g for 10 minutes and the 
supernalant CSF was removed . Blood was collecled in  heparin
ized tubes and plasma was removed afler cenlrifugation al 10 g 
for IO minutes. CSF and plasma were frozen immediately al 
- 20°C and stored until assayed. 

Analysis 

VP 1 6-2 1 3  plasma levels and levels of lhe inac1ive cis isomer 
of VP 1 6-2 1 3  were measured by high-performance liquid chro
molography wilh eleclrochemical de1ec1ion as described else
where . "' CSF levels were delerrnined by exlrac1ing 1 .0 mL CSF 
wi1h 2.0 mL of 1 . 2-dichloroelhane. Further sample trealment 
was identical to plasma. 

From the Dl'panme111s of Pulmonary Diseases. Neurology. 
N,,11rvradiolugv, and Medical Oncology, Swte Unil'ersity of 
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Table 1 .  Patient Characteristics 

Histo- Previous 

logic VP CNS Cranial 
Patient Age Diag- 1 6-2 1 3  Metos- Radio-

No. (years} nosis (g/m,)• lases therapy 

l 41  SCLC 1 . 5 Brain Yes 
2 70 SCLC 1 . 0 Meningeal Yes 
3 59 SCLC 1 .5 Brain No 
4 62 SCLC 2.0 Brain No 
5 48 ACL 2 . 5  No 
6 65 SCLC 0 .9  Yes 
7 52 S9CCL 1 .5 Brain Yes 
8 48 SCLC 2.0 Brain Yes 
9 55 SCLC 1 . 5 Yes 

1 0  40 NST 2 .5  No 

NOTE .  SCLC = small cell lung cancer, ACL  = odeno
carcinoma of the lung, S9CCL = squamous cell carcinoma 
of the lung, and NST = nonseminomatous testicular cancer. 

•Dosages were determined by the dosage step of the 
phase I study to which the patient was allocated. 

Using this method VP 1 6-2 1 3  and its metabolites can be 
measured in plasma and CSF in the pmole range: the detection 
l imit of VP 1 6-2 1 3  is 0.5 ng/mL and the quantitation l imit is  2 ng 
VP 1 6-2 1 3/mL plasma. 

RESULTS 

CSF Levels 

VP I 6-2 I 3 was found in the CSF of al l  pa
tients. The h ighest level was found in patient no 
2 .  In patient no. 4 the levels before and after 
radiotherapy were not different . The levels found 
in patients with no previous radiotherapy of the 
brain were in  the same range as in  previously 
irradiated patients. In CSF a relatively high level 
of cis VP I 6-2 1 3  was detected , compared to plas
ma levels. 

Response 

Patient no. I received cranial irradiation for 
asymptomatic mult iple brain metastases of 
SCLC. Computerized tomography (CT) scan
ning two months after this treatment was normal 
(Fig. I ) . Five months after completion of radio
therapy he had epi leptic fits caused by new multi
ple brain metastases (Fig. 2) .  He was considered 
to be unsuitable for further radiotherapy, so treat
ment with high dose VP I 6-2 1 3  was in i tiated . 
After one course , c l in ical improvement was evi
dent and CT scanning of the brain after two 
courses showed a partial remission ( Fig. 3) .  The 
primary tumor in the mediast inum and left upper 
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lobe remained unchanged. Three months later 
the patient died of systemic tumor progression . 

Patient no. 2 was st i l l  in complete remission 
after conventional chemotherapy and prophylac
tic cranial radiotherapy when signs of meningeal 
carcinomatosis were found (motor weakness, 
pain and sensory defects of the lower extremities 
in a radicular distribut ion , urinary retention , and 
fecal incontinence ) .  Shortly after the first course 
of high-dose VP 1 6-2 1 3  the pain and pareses 
improved; after two courses the patient was con
tinent and able to walk with help. 

The other patients had e i ther no evaluable 
CNS lesions or their c l in ical condit ion was 

Table 2. CSF and Plasma Levels of VP 1 6-2 1 3  and 
cis-VP 1 6-2 1 3  

Patient 
No., 

Course 
No. 

2 

3 
2 

2 
3 

3 

4 

5 

2 

l 
2 
3 

2 
6 

7 

8 

9 

1 0  

Time 
Alter 
Last 

Infusion 

4 hr 
22 doys 

4 hr 
20 days 

5.5 hr 

4 hr 
2 days 
9 days 

35 doys 
5.5 hr 
2 hr 

18 hr 
4 .5  hr 

3 hr 
4 .5  hr 

1 2  hr 

14 hr 
3.5 hr 

12 hr 

15 hr 

5.5 hr 

10 days 

17 hr 

VP 1 6-2 1 3  

Plasma 
CSF Level Level 
(µg/mL) (µg/mL} 

0.078 1 3 . 9  
<0.01 0.01 

0. 1 4  1 4 . 3  

0.022 1 3 . 20 

0.54 1 4 .6  
0 .023 4.07 

<0.01  0 .06 

0. 1 04 1 2 . 23 
0. 1 32 

0. 1 1  1 .85 
0. 249 1 5. 68 

0.28 30. l 
0.282 1 5 .02 
0. 1 26 4 .88 

0.069 
0.246 

0. 1 03 5 .6 1  

0. 1 53 3.00 

0. 1 37 1 9 . 4 1  

0.06 

0. 1 58 7 .44 

* Below detection level. 

cis-VP 1 6-2 1 3  

Plasma 
CSF Level Level 
(ng/mL) (ng/mL) 

54 

. . .  t 

50 

1 37 
1 9  

28 
1 8  

. . .  t 
59 

. . .  t 
76 
1 9  

55 
66 

38 

65 

40 

85 

2 1 0  

49 

1 7  

95 
87 

33 

87 

1 1 0 

95 

57 

t An insufficient amount of CSF was procured. 



Fig. 1 .  Normal CT scan after radiotherapy (pa
tient no. 1 )  

6 2  

thought to require additional radiotherapy with
out delay . 

DISCUSSION 

In this study we have found measurable levels 
of VP 1 6-2 1 3  in the CSF of all patients treated 
with high-dose intravenous VP I 6-2 I 3 .  

The minimal concentration o f  VP 1 6-2 1 3  that 
can inhibit the growth of SCLC is unknown . 
Furthermore, it is unclear whether the levels 
found in the CSF accurately reflect the CNS tis
sue levels .  For methotrexate and cisplat in i t  has 
already been shown that the CSF levels are not 
representative for CNS-tissue levels . 1 1

. 
1 2  Based 

on the poor water solubi l i ty this may also be the 
case for VP I 6-2 1 3 .  From our data we cannot 
determine exactly the kinetics of VP 1 6-2 1 3  in 
CSF and CNS tissue. The high level found in 
patient no. 2 suggests that the ex isting meningeal 
carcinomatosis may have enhanced the penetra
tion of VP 1 6-2 1 3  into the CSF. 1 .1 Also the pre
viously given cranial radiotherapy may have 
_been of influence, 14 although we did not find a 
difference. 

The relatively high level of c is-VP 1 6-2 I 3 in 
the CSF may be explained by a higher metaboliz-



Fig. 2. Multiple brain metastases are now visible 
on CT scan of patient no. 1 .  
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ing rate of VP 1 6-2 1 3  in  the CNS ,  a decreased 
protein binding of cis-VP 1 6-2 1 3  in plasma, or 
an improved membrane passage of cis-VP 1 6-
2 1 3  compared to VP 1 6-2 1 3 .  

Cis-VP 1 6-2 1 3  has cytostatic act ivi ty ,  al
though in in v itro studies in  human leukemia 
cells it was about I 00-fold less active than the 
parent form . 1s As no information is available 
concerning its act ivity in  SCLC cel ls ,  the rel
evance of its presence in CSF remains undeter
mined . 

In this study we observed c l in ical act ivi ty 
against CNS metastases in two pat ients. This 
observation may open new perspect ives for the 
treatment of occult CNS metastases of SCLC. 
The high frequency of brain metastases in  these 
patients can be reduced by prophylactic cranial 
irradiation . 16 The incidence of symptomatic CNS 
metastases outside this i rradiation field is, how
ever, increasing with the length of disease-free 
surviva l .  17  Until now effective prophylaxis for 
this sanctuary was nol possible. The i ncorpora
tion of high-dose VP 1 6-2 1 3  into standard che
motherapeutic regimens, for instance as late in
tensificat ion after remission induction , may 
therefore be an interesting approach for improv-



Fig. 3. Some metastases have disappeared alto
gether, some are less conspicuous after high dose VP 
1 6-2 1 3  on CT scan of patient no. 1 .  
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ing the resu lts with respect to the CNS metastases 
in patients with SCLC. The contribution of dis
ruption of the blood-brain barrier by radiothera
py in these patients, prior to administration of 
high-dose VP 1 6-2 1 3 ,  should be evaluated fur
ther. 
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CHAPTER 6b 

REMISSION OF BRAIN METASTASES FROM SMALL-CELL LUNG CANCER AFTER HIGH-DOSE 

CHEMOTHERAPY. 

TO THE EDITOR; The prognosis of patients with small-cell lung cancer has 

been improved by combination chemotherapy ; however, central nervous sytem 

involvement is still an unfavorable prognostic factor (1), probably due to 

insufficient penetration of cytostatic drugs through the blood-brain 

barrier. Radiotherapy is at present the only treatment for brain metas 

tases due to small-cell lung cancer. For brain metastases developing or 

recurring after radiotherapy, no effective therapy is available. In a 

phase I study (2) of etoposide (VP16-213), therapeutic effects on central 

nervous sytem metastases and detectable levels of etoposide in the 

cerebrospinal fluid were found (3). We report the case of a patient who 

achieved a complete remission after high-dose chemotherapy. 

In December 1982 a 51-year old man presented with histologically proven 

small-cell lung cancer. Results of a neurologic evaluation were normal. 

After four courses of combination ehemotherapy, a complete remission was 

achieved. A computed tomographic (CT) scan of the brain was normal, and 

prophylactic cranial irradiation was given. In November 1983, a local 

recurrence was found, Before beginning a phase II study of high-dose 

chemotherapy the patient underwent restaging; findings were normal with 

the exception of a CT scan of the brain that showed two small and one 

larger (asymptomatic) metastases. After one course of cyclophosphamide, 7 

g/m2 body surface area, and etoposide, 0. 9 g/m2 body s urface area, with 

autologous bone marrow transplantation, a partial remission of the lung 

lesion occurred. On a repeated CT scan of the brain, no metastases were 

found, In addition, four monthly courses of high-dose etoposide (1. 5 g/m2 

body surface area) were given and the CT scan of the brain remained 

unchanged , During treatment the patient kept working as a lawyer. 
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The frequency of brain relapses has become markedly reduced since 

prophylactic cranial irradiation has become a routine part of the treat

ment of small-cell lung cancer, but brain metastases still will develop in 

many patients. Until now no effective antitumor therapy was available for 

patients with brain metastases recurring after previous radio-therapy (4). 

As far as we know the complete remission seen in this patient is the first 

that has been reported. In a previous study (3) we found a partial remis

sion in a similar patient. These observations are promising with respect 

to palliative treatment of recurrent brain metastases of small-cell lung 

cancer. Although this treatment is associated with severe short-term 

myelosuppression and mild mucositis (2), it can usually be given on an 

outpatient basis. A potential future application may be incorporation of 

high-dose etoposide in standard treatment as prophylaxis for central nerv

ous system metastases, for instance as part of a "late intensification" 

regimen (5). 
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CHAPTER 7 

Cyclophosphamide and VP 1 6-2 1 3  with 

Autologous Bone Marrow Transplantation . A 

Dose Escalation S tudy 

P. E. POSTMUS,•t E. G. E. DE VRIES,t  H. G. DE VRIES-HOSPERS,§ R. VRIESENDORP,t G. W. VAN 
IMHOFF, I I J .  J .  M. HOLTHUIS, �C. TH. SMIT SIBINGA,•• D. TH. SLEIJFERt and N .  H. MULDERt 
Depa rtments of •Pulmonary Diseases, tMedical Oncology, §Medical Microbiolog)' and IIHematology, Stale 

University Hospital, Groningen, f Department of Anal)'tical Pharmacy, Pharmaceutical Laborator)', State 
Universit)', Utrecht and ..  Red Cross B loodbank, Groningen-Drenthe, Groningen, The Netherla nds 

Abstract-In 13 patients with therapy-resistant solid tumors the feasibility of high
dose cyclophosphamide (7 g/m2) in combination with increasing doses of VP 1 6-
2 1 3  with autologous bone marrow transplantation was studied. Dose- limiting 
exlramedullary toxicity appeared to be mucositis and occurred after 2.5 g/m2 • Two 
toxic deaths were observed in pat ients older than 55 yr. Responses were seen in eight 
out of nine evaluable patients. Two patients with ovarian cancer still have no signs 
of disease progression after 1 2+ months. High-dose cyclophosphamide (7 g/m2) 

can be combined with VP 1 6-2 1 3  1 .5 g/m2 without important extramedullary 
toxicity. Age is probabl)• a limiting factor for this kind of therapy. 

INTRODUCTION 

IN ANIMAL studies a steep dose-response relation
ship has been found for cytostatic drugs against 
animal tumor cells [ I ,  2). S tudies in man suggest 
that this model is also valid for human tumors. 
The response rate in small cell lung cancer 
(SCLC), carcinoma of the ovary (OC) and germ 
cell tumor (GCT) increases with intensification of 
chemotherapy [3-6). 

A considerable dose escalation of cytostatic 
drugs results in progressive damage of normal 
tissue. One of the most frequently encountered 
side-effects is myelosuppression. The use of 
autologous bone marrow transplantation (ABMT) 
can prevent persistent bone marrow aplasia [7]. 
Cyclophosphamide and VP 1 6-2 1 3  ( etoposide) are 
active agents in the above-mentioned tumors. As 
single agents both can be administered in high 
doses without severe extramedullary toxicity. 
Dose-limiting extramedullary toxicity of cyclo
phosphamide is cardiac failure caused by a 
hemorrhagic myocarditis. This is unlikely to 
occur below a dose of 240 mg/kg, but has been 
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reported after single-agent cyclophosphamide a ta  
dose o f  1 80 mg/kg [8]. To date only one dose 
escalation study of VP 1 6-2 1 3  with ABMT has 
been reported. In this study the tolerated dose was 
2.4 g/m2 , as in the majority of the patients at this 
dose level severe mucositis was observed [9). 

In order to establish the feasibility of the 
combination of high-dose cyclophosphamide and 
h igh-dose VP 1 6-2 1 3  we started a phase I study 
with escalating doses of VP 16 -2 1 3 .  

MATERIALS AND METHODS 

Patients 
Pertinent data on 13 patients entering the study 

are given in Table I .  Patients were eligible up to 
the age of 70 yr. Entry cri teria were bilirubin levels 
,,;;25 mmol/1, leucocytes ;;;,3.0 X 1 09/1, platelets 
;;;, 100 X 1 09/1 ,  serum creatinine leveJs ,,;;150 µmol/1 
(normal ,,;; 1 06 µmol/1) and no signs of bone 
marrow invasion with tumor in bone marrow 
biopsy and smear. 

Patients had to have a Karnofsky performance 
score ;;;,60. All patients had persisting or 
progressive disease after conventional treatment 
programs. Informed consent was obtained from 
all patients and the study was approved by the 
local medical ethical committee. 



Table I .  Patient characteristics 

Dose Responst· 
Age Karno(sky Cy VP dura1ion 

Patient (rr) Sex Tumor type Pre,·ious therapy score (g/,n2) (g/m1) R<•sponse (months) 

I 29 F oc Cy. HMM.  ADR, CDDP 80 0.9 CR 1 6+ 
2 •12 F oc Cr, HMM- ADR, CDDP 80 0.9 NE 
3 65 M SCLC CDDP, VP ,  Cy, ADR, VCR, PCB, PC! 60 0.9 NE t 

4 24 F GCT CDDP, VBL, BL 60 1 .5 PR 
5 51 F SCLC CODI', VP, Cy, ADR, VCR, PCB 70 1 .:, PR 9+ 
6 38 M SCLC CDDP, VP, Cy, ADR, VCR, PCB 80 1 .5 SD 
7 55 M SCLC CODI', VP, Cy, ADR, VCR, PCB 90 1 .5 ED ED day 1 3  
8 ,JO M GCT CDDP, \/BL, BL 80 2.0 PR HI 
9 24 M GCT CDDP, \/BL, BL 90 2.0 PR 2 

1 0  •II M GCT CDDP, \/BL, BL 90 2.0 PR I 
I I  22 M GCT CDDP, \/BL, BL 80 2.5 PR 2 
1 2  36 M GCT CDDP, VBL, BL 60 2.5 PR 2 
13 57 M SCLC CDDP, VP, Cy, ADR, VCR, PCB 80 2.5 ED ED day 22 

ADR = adriamycin; BL = bleomycin; CDDP = ,is-platinum; Cy = cyclophosphamide; VIlL = vinblastine; VCR = ,1incris1ine; 
V P =  VP 16-2 1 3; HMM = hexamethylmelamine; PCB = procarbazine; PC! = prophylactic cranial irradiation 30 Gy; SCLC = small 
cell lung cancer; GCT = germ cell tumor; OC = ovarian cancer; £0 = early death; N E =  non evaluable; CR = complete response; 
PR = partial response; SD = stable disease. 
• No signs of progression afler 12+ months. 
tNo signs of progression after S+ months. 

Bone marrow aspiration 
Bone marrow was aspirated from the posterior 

i l iac crests by multiple aspirations. The patients 

received mild sedation and general analgesia by 
diazepam 20 mg i .m. and meperidine 1 00 mg i .m. 
Lidocaine I% was given as local anesthetic. A 
minimum of 2 X 1 08 nucleated cells/kg body wt 
was harvested in Hanks solution with HEPES 

buffer and Heparin, final concentration (FC) 
1 50,000 IU/1. The marrow was centrifuged in an 
apheresis machine (Haemonetics Model 30S). 
The buffy coat was separated and resuspended in 
Hanks balanced solution (FC 200 X 1 06 nucleated 
cells/ml). This cell solution was dissolved ( I :  I )  in 
20% autologous plasma (FC 1 0%) and 20% 
DMSO (FC 1 0%) .nd placed in 5-ml freezing 
ampoules ( Nunc). For freezing a Cryoson BV-4 
liquid ni trogen controlled freezer was used at a 
rate of I °C/min until -40°C. The ampoules were 
stored in liquid nitrogen. 

Reinfusion was done after rapid thawing 
without washing. A blood £il ter was used to 
prevent infusion of possible clots. 

Before marrow infusion the patients received 
prednisolone 60 mg i .v. and clemastine 2 mg i.v. 

C)'tostatic treatment. 
All patients received cyclophosphamide and 

VP 1 6-2 13 .  Cyclophosphamide was given as a 30-
min infusion on three consecutive days. Mesna 
was given in  a total dose of 4 g/m2 in order to 
prevent hemorrhagic cystitis. VP 1 6-2 1 3  was 
dissolved in normal saline with a maximum 
concentration of 0.8 mg/ml. Two l -hr infusions 
were given with a 1 2-hr interval on the same days 
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as cyclophosphamide. The dose of VP 1 6-2 1 3  was 

increased if  no dose-l imiting extramedullary 
toxicity was seen in more than one out of three 
patients at that dose level (Table I ) . The dose of 
cyclophosphamide given was 7 g/m2, the highest 
dose that can be given without a high probability 
of cardiac toxicity [8]. 

The dose of VP 16-2 1 3  was escalated using a 
modified Fibonacci scheme [ JO], starting at 
0.45 g/m2 (unpublished observation). 

The bone marrow was reinfused on day 7 .  At the 
moment of reinfusion of the bone marrow, VP 1 6-
2 1 3  levels were measured. More extensive 
pharmacokinetic studies were done in two 
pa"tients. VP 1 6-2 1 3  was determined by high
performance liquid chromatography with 
electrochemical detection [I I ] .  

Supportive care 
Patients were treated in a single-person 

bedroom. Intravenous therapy was given either 
through a central venous Hickman catheter or 
through a needle inserted in an arteriovenous 
fistula [ 1 2] .  

All patients received prophylactic antibiotics 
directed against potential pathogenic intestinal 
flora [ 1 3] .  All patients received amphotericin B 
lozenges and oral polymixin B; patients 3, 4, 8 and 
9 also received intravenous temocil lin. In case of 
an infection, defined as temperature ;;.3S.5°C 
(axillary) and clinical or bacteriological signs of 
infection, first-line antibiotic treatment consisted 
of cefuroxim and tobramycin. Nutritional sup
port consisted of enteral tube feeding [ 1 4] and if 
necessary parental nutrition. Prophylactic 



platelet transfusions were given al a platelet level 

below 15 X I 09/1 .  A number of patients received 
cryopreserved autologous platelets ( 1 5], otherwise 
a l logeneic single donor-platelets were used. 

Toxicity 
Physical examination and fu ll blood cel l  

counts were done daily, l iver and renal functions 
three times a week. Neurological evaluation and 
electrocardiograms were performed weekly. 
M icroscopic investigation of urine was done daily 
from day I to day 7 ,  thereafter three times a week. 
Drug toxicity was graded according to WHO 
criteria (Table 2) [ 16]. Extramedullary grade 4 
toxicity was considered to be dose-limiting. 

Response 
Complete response (CR) was defined as 

disappearance of a l l  known tumor lesions and a 

return to normal of a l l  relevant  biochemical 
abnormali ties over a period of at least 4 weeks. 
Partial response (PR) was defined as a decrease o[ 
more than 50% of the product of the largest 
perpendicular diameters of a l l  measurable lesions 
for at  least 4 weeks from the start o[ treatment. If in 

ug/ml 
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10 

0.5 

0.1 

0.05 f =- 116of totol dose 
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Fig. l .  Plasma levels of VP 16-2 13  after l .5 glm' VP /6-213 
administration. 

patients without an evaluable or measurable 

lllmor lesion an established tumor marker (a- 1 -
fetoprotein, human chorionic gonadotropin) 
decreased more than 90% this was also considered 
as a partial response [5]. Stable disease (SD) was 
defined as a less than 50% response without signs 
of progression. Progression was defined as an 
increase over 25% of a measurable lesion or 
appearance of new tumor lesions. 

RESULTS 
Pharmacoil inetics 

Low plasma levels of VP 16-2 1 3  could sti l l  be 
found on day 7 (day o[ marrow infusion). Detailed 
information on pharmacokinetic data will be 
published separately. A complete pharma
cokinetic study is shown in one representative 

patient (Fig. I ). 

Toxicity 
During chemotherapy a l l  patients experienced 

nausea and vomiting, grades 2-3. Some had 
moderate self- limiting diarrhea, grade 2. No 
bladder toxicity occurred. No hypertension, chi l ls 
or [ever were seen during the infusion of 
VP 16-2 1 3 .  

I n  one patient a n  anaphylactoid reaction 
occurred after infusion of about 80% of the stored 
bone marrow. Cardiac and pulmonary resuscita
tion was successful .  

From day 4 unt i l  bone marrow recovery 
mucositis was severe and dose-l imiting at  
2 .5 g/m2 VP 1 6-2 13  (Table 3) .  Mucositis became 
evident at the 1 .5 g/m2 VP 16-2 1 3  dose level and 
therefore further dose escalations were modified 
to 2 .0 and 2 .5 g/m2. Usually oropharyngeal 
erythema and soreness started on day 9 and 
recovered within JO days. No other signs of 
digestive tract involvement were seen. Dermatitis 
was minimal (grade 0-2). There were no other 
important  toxic side-eHects. Neuropathy was not 
seen and no hemorrhagic complications occurred. 
Neither ECG abnormali ties nor signs of cardiac 
failure were noted. All patients received platelet 
transfusions. Duration o[ granulocytopenia is 

Table 2 .  Grading of observed toxic side-effects [ 1 6] 

Oral 

Diarrhea 

Grade 0 Grade 1 

no change sorencss/erythema 

none transient �2 days 

Cutaneous no change erythema 

Grade 2 

crythema, ulcers, 
can eat solids 

wlerable, but >2 days 

dry <lesquamation, 
vesculation, pruritis 
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Grade 3 

ulcers, 
requi res liquid diet 
only 

intolerable, requiring 
therapy 

moist dcsquamation, 
ulceration 

Grade 4 

al imcntation not 
possible 

hemorrhagic dehydration 

cxfoliativc dermatitis , 
necrosis requiring 
surgical intervention 



shown in Table 3. Fever due to infection was seen 
in ten patients (Table 4 ). In eight patients a 
causative microorganism was found, and two 
patients had clinical signs of infection. Two 
patients died during the cytopenic phase. In both 
patients high-grade fever developed during 
cytopenia, coinciding with erythematous derma
titis. In the following days fluid retention 
developed, probably due to a 'capillary leak 
syndrome'. Antibiotic treatment did not lead to 
improvement. Several cultures, including blood 
cultures, gave no support for an infectious origin 
of the fever. The patients gradually became 
confused and died on days 13 and 22 respectively. 
At autopsy no explanation for the fever was 
found. 

Tumor response 
In 9 patients response could be evaluated. In 

patients I and 2 before treatmen t macroscopic 

tumor was documented at laparotomy. After 
10 months laparotomy in patient I did not reveai 
microscopic tumor. In patient 2 no clinical signs 
of tumor progression were seen, and a CT scan of 

the abdomen did not show any abnormalities. In 
patients 4 ,  9, 10,  1 1  and 1 2  a- 1 -fetoprotein levels 
decreased more than 90%. In patients 8 and 1 2  
lung metastases showed a PR. In  patient 5 
mediastinal lymph nodes showed a PR on CT 
scan for more than 9 months without therapy. 
Hilar lymph nodes and primary tumor were 
unchanged in patient 6. In patient 3 routine 
investigations during follow-up did not reveal 
any signs of tumor progression anywhere for 
more than 5 months. At autopsy tumor was still 
present in patients 7 and 1 3 .  

DISCUSSION 
In this study with high-dose cyclophos

phamide and escalating doses of VP 1 6-2 13  the 

Table 3. Toxic it)' 

Mucositis No. of platelet No. of days with First day posHransplanL wilh No. 0£ infused nucleated 

Patient grade tranfusions granulocytes ;;,, 0.5 X t09/I granulocytes ;;,,o.5 x 1 09/1 marrow cells X I 01/1  

I 3 13 

2 4 18  

3 I 3 14  
•l 2 1 0  28 
5 2 1 6  

6 3 15 

7 2• 

8 4 12  

9 4 1 7  

1 0  3 1 3  

I I  2 22 

12  5 13 

1 3  S t  t 

•Patient died on day 13, granulocytes 0, platelets 15 X 1 09/1. 
tPatient died on day 22, granulocytes 0, platelets 15  X 1 09/1. 

Patient Infection days 

I 0 
2 1 0  

3 
4 3 
5 12  
6 6 
7 o• 
8 8 
9 5 

1 0  6 

I I  16  

12  9 
1 3  o• 

Table :I-

Site of infection 

esophagus 
skin al insertion of Hickman catheter 
skin 
septicemia 
skin of nose 

septicemia 
sinusitis maxi)laris 
septicemia 

lung 

skin 

*Patient died, fever >40°C, no infection found. 
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1 2  
1 8  
1 4  

27  
1 7  
15  

1 0  
1 6  
12  
20 
1 3  

t 

Causative microorganism 

Ca,zdida spp. 
Staph. epidermis 
Ps. fluoresce,zs 
Strept. viridans 
Not found 

Strept. viridans 
Staph. epidermidis 
Strept. viridans 
Staph. epidermidis 
H. influenzae 
Strept. pneumoniae 
Serratia spp. 

1 .69 
1 .25 
I . I I  
1 .42 
2. 16 
1 . 1 4  
1 .63 
0.92 
1 .3 
1 .2 
1 .5 
1 .4 
0.73 



dose limit of VP 16-2 1 3  appeared to be 2 .5 g/m2
, 

due to mucositis of the oropharyngeal region. It is 
interesting to note that this mucositis was limited 
to the upper part of the digestive tract and that 
diarrhea was not seen. 

The main and life-threatening toxicity in this 
study was infection. I ts chief cause was the 
prolonged period of severe granulocytopenia. 
Earlier reinfusion of bone marrow was hampered 
by the slow elimination of VP 16-2 1 3 .  I t  is 
conceivable that isolation and gut sterilization 
would reduce the infection rate; however, its 
financial consequences would limit the applica
bility of this form of treatment to only a small 
percentage of all patients with solid tumors. The 
high infection rate could be influenced by the 
damage to the m ucosal barrier of the oropharynx. 
In view of the limited toxicity to the lower 
digestive tract, it is tempting to speculate on a role 
of high saliva concentration of VP 1 6-2 1 3  as an 
explanation for the oropharyngeal mucositis [ 1 7] .  

Another major toxicity occurring in this study 
was the death of two older patients from a 
syndrome consisting of erythematous dermati tis, 
fever and fluid retention, finally leading to 
multiple organ failure. Although none of these 
other two signs occurred in the patients of this age 
group, we cannot recommend any of the tested 
dose regimens for patients of this age group. A 
syndrome comparable to this toxicity was recently 
described as ' the capillary leak syndrome' in 
mismatched as well as matched allogeneic bone 
marrow transplant patients [ 18]. Its incidence 

might be triggered by the radiomimetic effect of 
the alkylating agent, supposedly increased by age 
and the addition of VP 1 6-2 1 3 .  

Cyclophosphamide and V P  1 6-2 13  administered 
as single agents are not absolutely marrow 

ablative [9, 20]. Although no increase in the time 

until recovery was noted at the escalating dose 
levels, it is impossible to conclude whether the 
combination of the drugs necessitates the use of 
autologous bone marrow transplantation, as has 
been done in this study. We can conclude that 
cyclophosphamide a t  7 g/m2 and VP 1 6-2 1 3  at 
1 .5 g/m2 can be given without major extra
medullary toxicity when combined with ABMT. 
However, infectious complications are still an 
important problem and perhaps an age limit 
should be introduced because of the above
mentioned 'capillary leak syndrome' .  

The response rate and duration, however, make 
this approach worthwhile for study in the tumor 
types treated in this report. Especially for SCLC, 
this combination of cyclophosphamide and 

VP 16-2 1 3  may be important for late intensifica
tion studies. Bone marrow harvesting after 
remission induction with standard dose therapy 
results in a minimal risk of bone marrow 
contamination, while marrow reserve as measured 

by granulocyte colony-forming units is sti l l  
sufficient [2 1] .  VP 16-2 1 3  in this combination can 
be adminis tered at a dose of 1 .5 g/m2 without 
major extramedullary toxicity. A t  this dose a 
sanctuary site, the central nervous system (CNS), 
can be reached in apparently effective concentra
tions [22]. This can be important for prophylaxis 
of CNS metastases. The two patients with ovarian 
cancer have clearly benefited from this treatment 
and more patients with minimal residual disease 
wil l  be treated with this regimen. Furthermore, 
the addition of drugs with dose-limiting toxicity 
other than encountered in this regimen, for 
instance cis-platinum, might increase the 
therapeutic potential. 
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CHAPTER 8 

Failure of Selective Gut Decontamination 
with Nonabsorbable Antibiotics in Preventing 

Infections in Patients Treated with High
Dose Chemotherapy and Autologous Bone 

Marrow Transplantation 

*P E. Postmus, **H .  G.  de Vries-Hospers, tD. Th . S leijfer, 
§G. W van Imhoff, * A .  F. Meinesz, tR. Vriesendorp , 

tN. H .  Mulder, and tE .  G. E .  de Vries 

*Departments of Pulmonary Diseases, **Medical Microbiology, tMedical Oncology, 
§Hematology, Red Cross Bloodbank Groningen-Drenthe, University Hospital, 

9713 El Groningen, The Netherlands 

Increasing the dosages of anticancer drugs can result in higher response rates i n  
patients with sol id tumours ( 5 , 1 1 ) .  However, this increase could lead to unaccept
able haematological toxicity unless autologous bone marrow transplantation (ABMT) 
is performed. By this technique ,  it is possible to prevent persistent bone marrow 
aplasia, although temporarily there will sti l l  be severe granulocytopenia ( <0. 1 x 109/ 

l i ter) . The major complication of granulocytopenia is infect ion ( 1 ,2 ,4 ,  1 3 ) .  The 
causative bacteria in this situation are usually the gram-negative organisms already 
present in  the patient's digestive t ract (3 , 17) or acquired in  the hospital ( 14) .  
Eliminat ion of al l  endogeneous bacteria by gut  steri l isation wi th oral nonabsorbable 
antibiotics results in dimin ished infection rates when this t reatment is performed 
in a germ-free environment ( 1 2) . However, this procedure is associated with high 
costs and patient discomfort .  If  "gut steril isation" is used outside a protective 
environment ,  overgrowth with resistant aerobic microorganisms can occur ( 10) . 

Prophylactic treatment with antibiotics, directed selectively against aerobic gram
negatives and yeasts in  the digestive t ract , reduces the infection frequency in 
g ranulocytopenic patients even outside a protective environment ( 15 ) .  The resistant 
anaerobic flora remain,  and prevent colonization with contaminating aerobic gram
negatives ( 1 8) .  This procedure has been called select ive decontamination ( 19) .  The 
drugs suitable 

0

for this infect ion prevention are cotr imoxazole, nalidixic acid ,  low
dose neomycin , polymyxin, and tobramycin (3 ,6-8 , 1 5 , 20) .  A l l  these drugs have 
to be given orally. 

Nal idix ic acid is associated with nausea and vomiting in a high percentage of 
patients. Cotrimoxazole can possibly result in a delay of hematopoietic recovery 
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(6) , which is particularly undesirable in ABMT. Therefore, we decided to use only 
nonabsorbable drugs, which leave the anaerobic flora intact ,  in a group of granu
locytopenic patients who were treated with high-dose chemotherapy and ABMT, 
without isolation measures. 

MATERIALS AND METHODS 

Patients 

From January 2, 1982 until January 1 1 ,  1983 ,  10 patients (7 males , 3 females) , 
mean age 37.2 years ( 1 8 to 56 years) , were entered into a phase I study of high
dose chemotherapy with ABMT. All patients had widely d isseminated sol id tu
mours, which were progressive during ,  or unresponsive to standard dose chemo
therapy at the t ime of admission . H istological diagnoses were: small cell lung 
cancer (5 patients ) ,  ovarian cancer (2 patients) ,  and nonseminomatous testicular 
cancer (3 patients) . The study period during which infection prevention was eval
uated started on the I st day of administration of high-dose chemotherapy and was 
terminated upon discharge from the hospi tal or when the granulocyte count was 
above 0 . 5 X  109/ l i ter for 3 days, or at death .  

Chemotherapy and Bone Marrow Transplantation 

Nine patients received increasing doses of cyclophosphamide and VP 16-2 1 3  
(Table l ) ; one patient received standard doses of cisplat in ,  YP 16-2 1 3 ,  and actino
mycin D. The bone marrow was procured and cryopreserved about 1 week before 
the start of chemotherapy and reinfused 4 days after the last infusion of cytostatic 
drugs. 

Selective Decontamination 

In all patients, polymyxin B (PMB) 200 mg four t imes a day was given before 
granulocytopenia was established , and in eight patients neomycin 250 mg four 
t imes a day started at the same t ime (Table 2) .  I f  the cultured gram-negative 
bacteria were resistant to these drugs, tobramycin 100 mg four t imes daily was 
added.  For el imination of yeasts, amphotericin B suspension or tablets were used 
(500 mg two t imes a day) . For elimination of yeasts from the oropharynx, ampho
tericin B lozenges (each containing 10 mg of the active substance) were administered 
four t imes a day. 

Microbiological Surveillance 

To control the effect of oral administration of the drugs, cultures from the throat 
and faeces were performed three t imes per week; cultures were made from stools 
or occasionally  from an anal swab . Only an aerobic culture was made on the 
specimens, with special attention given to potential pathogens such as aerobic 
gram-negative rods (MacConkey agar, Merck) , yeasts and fungi (Sabourad agar, 
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TABLE 1 .  Chemotherapy and toxicity 

Days 

CF VP Study granulocytes ( x 1 09/liter) Fever days Localisation Mucositis Dermatitis 
Patient g/m2 g/m2 days 0.5. 0 . 1  0.05 MDI CDI FUO N IF  o f  infection grade grade 

1 3 0.6 1 8  1 1  7 5 0 0 
2 4.5 0.9 30 22 1 8  1 3  2 Tonsils 1 1 
3 7 0.9 21  1 3  9 9 4 1 1 
4 7 0.9 26 1 9  1 4  1 3  1 0  Esophagus 3 2 

-.J 5 7 1 .5 23 1 5  1 0  9 5 Skin 4 1 
-.J 6 7 1 .5 25 1 7  1 3  1 2  1 5  Skin/soft tissue 2 2 

7 7 2.5 21  1 5  1 5  1 1  1 4  4 2 
8 7 2.5 22 1 5  1 4  1 0  8 Lung 4 1 
9 7 2.5 30 23 1 6  1 0  1 1  Skin/soft tissue 2 1 

1 0  Actinomycin D 20 1 1  9 8 1 3  Lung 4 3 
Cisplatinum 

VP 
Total 236 1 61 1 25 1 00 44 20 1 8  

____..... 
64 

CF, cyclophosphamide; VP, VP1 6-21 3. 



TABLE 2 .  

First day 
Nonabsorbable Starting Decontamination � 0,5 X 1 09 

Patient antibiotics daya dayb granulocytes/liter 

1 PMB 1 1 7 
2 PMB 1 3 8 

Neo 1 
3 PMB 5 7 7 

Neo 5 
4 PMB - 6  - 4  7 

Neo - 6  
5 PMB - 2  - 1  7 

Neo - 2  
6 PMB - 2  2 7 

Neo - 2 
7 PMB 1 2 7 

Neo 1 
8 PMB 1 2 7 

Neo 1 
9 PMB - 2  7 

Neo - 2  
Tobra 1 0  

1 0  PMB 8 1 4  9 
Tobra 1 2  

8Day study period started . 
bfirst day of effective decontamination. 
Neo, neomycin ;  Tobra, tobramycin ;  ( - ) , started before initiation of study pe-

riod. 
All patients received oral amphotericin B. 

Merck,  Darmstadt, West Germany) .  Staphylococci and Streptococci (blood , agar, 
Oxoid , Basingstoke, England) and Hae111ophilus inffuenzae (Levinthal agar, Oxoid) .  
Gram-negat ive rods were ident ified and biotyped with API 20 E system (API 
System SA , La Balme !es Grottes, France) . 

From al l  cultured biotypes, as wel l as from Staphylococci, Streptococci , and 
Hae111ophilus , the sensitivity pattern was determined by a standard series of ant i
biotics currently in use for the treatment of infections; this included t he determi
nation of the sensitivity for neomyc in , polymyxin, and tobramycin .  

Haematological Surveillance 

White blood cel l s  were counted by the Coul ter counter (> 3 ,000 cel ls/mm3) or 
in a counting chamber ( � 3 ,000 cells/mm3) .  Absolute levels of granulocytes were 
measu1:ed in the hemocytometer daily unt i l  discharge. 

Clinical Surveillance and Treatment 

Physical examination was done daily from the start of chemotherapy unti l  d is
charge or death . In case of fever (axi llary temperature above 38 . 5°C) cultures of 

78 



blood , urine, and sputum (if possible) were performed . The patients were t reated 
in a conventional one-bed hospital room on an open ward under standard conditions . 
Standard nonsteri le hospital food was provided . Three patients received enteral 
feeding via a nasogastric tube; this tube- feeding was ster i le (Nutricia N. V. ,  Zoe
termeer, Holland) . When indicated , supportive treatment was given ; this included 
leukocyte-free packed cel ls ,  platelet transfusions, as well as i .  v. broad spectrum 
antibiotics and antimycotic therapy. First-line antibiotic treatment consisted of 
cefuroxime and tobramycin .  First-l ine antimycotic therapy was amphotericin B and 
ketoconazole. 

Registration of Acquired Infections 

The fol lowing descriptions were used. Fever day : registered when axil lary tem
perature was above 38 . 5°C.  Microbiologically documented infection (MDI) :  defined 
as the presence of definite signs and symptoms of infection plus the isolation and 
identification of pathogenic microorganisms from blood , urine, sputum ,  local sites, 
or tissue at autopsy. Clinically documented infection (CDI): defined as the presence 
of definite signs and symptoms of infection with negative cultures . Noninfectious, 
"allergic fever" (NIF): fever associated with a noninfectious cause such as blood 
transfusion ,  administration of cytostatics, · al lergic reactions to drugs, or fever 
associated with bone marrow infusion . Fever of unknown origin (FUO) : defined 
as fever not associated with signs or symptoms of infection, nor with allergy. 

RESULTS 

Chemotherapy Toxicity 

In the nine patients who received increasing doses of cyclophosphamide and 
VP 16-2 1 3 ,  mucositis of the oral cavity and pharynx was the major extramedullary 
toxic side effect (range l to 4, WHO tox 1c1ty grade) ( 1 9) (Table 1 ) .  Stomatitis was 
seen in n ine patients (range l to 4) . 

Granulocytopenia was severe as is shown in Table l ;  in all patients , granulocytes 
were less than 0 . 1 x 109/l iter for at least 7 days. Of the 236 study days, granulocytes 
were less than 0 . 5  x 109/l iter on 1 6 1  (68%) days, including 1 25 (78%) days less 
than 0 . 1 x 109/l iter and 100 (62%) days with less than 0 .05 x  109/l iter. 

Bacteriological Evaluation 

Faecal cultures revealed growth of gram-negative bacter ia in all patients on 
admission ,  before antibiotic treatment was started . 

In nine patients, decontamination was effective within 2 or 3 days after starting 
nonabsorbable antibiotics .  These patients therefore were decontaminated before 
granulocytes were below 0 . 5 x  109/liter. In patient 10 ,  decontamination failed be
cause of persistence of a resistant gram-negative rod (Proteus) .  In this case, how
ever, the addition of oral tobramycin was effective. 
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During study days on which patients received nonabsorbable antibiotics, 94 faecal 
cultures (Table 3) were done, 1 8  ( 19%) contained gram-negative rods. In two 
patients (5 and 6) , these microorganisms were found on one occasion and were 
sensitive to the antibiotics used. In two other patients (9 and 10) resistant gram
negative rods were cultured . In all four patients, the cultured microorganisms were 
absent initially. In 1 8  ( 1 9%) cultures, yeasts were found occasionally in low con
centrations in seven patients. 

Ninety throat swab cultures (Table 4) were done after the start of nonabsorbable 
antibiotic treatment .  In 5 patients, gram-negative rods were found in 10 ( 1 1  % ) 

TABLE 3. Faecal cultures during study period 

Nonabsorbable antibiotics8 Granulocytes < 0.5 x 1 09/literb 

Patient No. Gram-neg rods Yeasts No. Gram-neg rods Yeasts 

1 6 0 3 4 0 2 
2 1 1  0 4 8 0 4 
3 5 0 1 4 0 1 
4 1 0  0 1 7 0 1 
5 1 1  1 S  0 9 1 S  0 
6 1 0  1 S  0 6 0 0 
7 1 0  0 3 7 0 1 
8 9 0 0 6 0 0 
9 1 5  1 3R 3 1 2  1 1 R  1 

1 0  7 3R 3 7 3R 3 
Total 94 1 8  1 8  70 1 5  1 3  

8After starting antibiotics. 
bOuring granulocytes. 
R, resistant; S, sensitive. 

TABLE 4. Cultures of throat swabs during study period 

Nonabsorbable antibiotics 8 Granulocytes < 0.5 x 1 09/literb 

Patient No. Gram-neg rods Yeasts S. aureus No. Gram-neg rods Yeasts S. aureus 

1 7 0 3 0 5 0 1 0 
2 1 3  0 9 2 1 1  0 7 1 
3 6 0 0 0 6 0 0 0 
4 9 1 S  1 0 7 1 S  1 0 
5 9 2S 0 0 7 1 S  0 0 
6 1 0  3S 1 0 8 1 S  1 0 
7 1 0  0 1 0 8 0 1 0 
8 8 3S 1 1 8 3S' 1 0 
9 1 3  1 S  4 0 6 1 S  2 0 

1 0  5 0 0 0 1 1  0 0 0 
Total 90 1 0  20 3 74 7 1 4  1 

8After starting antibiotics. 
bOuring granulocytes. 
S, Sensitive. 

80 



cultures. These bacteria were not cultured at the initial inventarisation , except for 
patient 5 .  Al l  bacteria were transiently present and sensitive to the drugs used . 
Yeasts were present in n ine patients on admission . In 20 (22%) cultures yeasts 
were found during the treatment . In all patients, these were low concentration and 
t ransient . In two patients, Staphylococcus aureus were found in three cultures i n  
low concentrations. 

Clinical Evaluation 

Fever 

Nine patients had 83 days with fever (axi l lary temperature �38 .5°C); 8 1  fever 
days were associated with granulocytopenia �0 . 1 x 109/l iter. In all ,  the blood 
cultures of nine patients (N = 26) were performed ,  but they never revealed growth 
of microorganisms (N = 26) . 

Infections 

In four patients, four MDI were registered . In patient 4, Candida esophagitis 

was found on esophagoscopy, performed soon after marrow recovery. Patient 6 
developed a lesion in the left groin with blisters, while st i l l  severely granulocyto
penic . Cultures of the aspirate revealed Pseudomonas ffuorescens . This m icroor
ganism was cultured only once from an anal swab before granulocytopenia  was 
present . In patient 8, fever and signs and symptoms suggestive of pneumonia 
occurred soon after marrow infusion . Sputum cultures were positive for Haemo

philus influenzae and Streptococcus pneumoniae. Patient 9 developed an ulcerating 
skin lesion, infected with a Serratia species. This microorganism · was also found 
in the faecal cultures and could not be eliminated from the digestive tract by the 
applied regimen of decontamination because of resistance. 

In three patients, a c l in ically but not bacteriologically documented infect ion 
(CDI) occurred . Patient 2 had signs of tonsil l it is with submandibular lymphade
nopathy. Patient 5 developed a lesion in the skin of the nose, with fever and local 
symptoms of i nfection . Patient 10 developed pneumonia shortly before death . I n  
patients 3 and 7, fever developed without definite signs of infection o r  allergy. 

DISCUSSION 

In this study, we describe 10 patients who were treated with intensive chemo
therapy resulting in 125 study days with a granulocyte count below 0 . 1 x 109/ l iter. 
Infection prevention was attempted with oral nonabsorbable drugs. However, we 
registered infections on 64 days (5 1 . 2%)  (Table 1 ) .  Therefore, this regimen did not 
seem particularly effective. 

In contrast, we recently demonstrated an infect ion frequency during intensive 
chemotherapy of 1 1 .4% ( 16) . In this study, cotrimoxazole, nalidixic acid ,  and 
polymyxin were applied as infection prevention . This rate of infection was also 
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found in a study that used cotrimoxazole in severely granulocytopenic patients (9 ) .  
There are a number of  ways to  explain why the present scheme of infection 
prophylaxis fai led . 

First ,  experimental and some clinical evidence indicates that during decontami
nation of the digestive t ract , the anaerobic flora should be kept jntact . We did not 
actually test the integrity of the anaerobic flora , and this barrier against infection 
might have been lost . However, the consequence of disturbing the anaerobic flora 
would have been overgrowth with resistant microorganisms .  This happened only 
once and can therefore probably not expla:n the high infection frequency. 

Another important factor might be the lack of a systemic effect with the u se of 
nonabsorbable drugs as compared to cotrimoxazole and to some extent nal idixic 
acid . The infection rate for absorbable drugs was 6 . 8% and 5 . 3% ,  and 1 1 . 2% for 
nonabsorbable drugs in a group of pat ients with granulocytopenia as a result of 
anti leukemic therapy ( 16) , indicating the importance of the systemic effect .  Fur
thermore, following the ablative chemotherapy used in this study, more severe 
granulocytopenia of longer duration was seen than after standard anti leukemic 
therapy. This could also account for an increase in infection rate. 

The infecting microorganisms could have two sources; first, small numbers of 
bacteria in the gut , which could have been missed in routine cultures, can , after 
invasion, lead to infection due to the absolute lack of the granulocyte barrier; 
second , environment-related contamination with bacteria (as in patient 9)  can easily 
lead to a systemic infection due to the same cause. The invasion of microorganisms 
from the gut flora or by exogenous contamination can possibly be enhanced by 
mucositis . In the regimen used in most patients in this study, this mucositis is 
l imited to the upper part of the digestive tract , especial ly mouth,  pharynx , and 
esophagus. The role of directly invading microorganisms from the nonsterile en
vironment of the patient can be more important in the patients with dermatitis and 
skin laceration because of intensive chemotherapy. In patients 5 and 9 ,  this problem 
could have resulted in the skin infection .  

Improvement of  infection prevention in these patients can probably be realised 
by the use of a protect ive environment and gut steri l isation .  However, this would 
l imit accessibi l i ty to ABMT to a smal l  percentage of the vast number of pat ients 
with solid tumours. We therefore plan to investigate further methods of improving 
selective decontamination of the digestive t ract .  Important measures could be the 
use of gut decontamination with absorbable drugs and of additional protection of 
the upper digestive t ract . 

SUMMARY 

Ten patients were t reated for progressive _disseminated solid tumours with high
dose chemotherapy and ABMT. Selective decontamination of the digestive tract 
was used as infection prevention . Patients were treated on an open ward , and only 
nonabsorbable antibiotics were used . In these pat ients, the infection frequency was 
5 1 . 2% and was much higher than in a previous study in patients t reated with 
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aggressive chemotherapy for acute leukemia .  The causes of this fai lure of infect ion 
prevent ion are probably the lack of a systemic effect ,  the severity of granulocyto
penia, and the mucositis or stomatit is due to chemotherapy tox icity. 
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CHAPTER 9 

HIGH DOSE CYCLOPHOSPHAMIDE AND HIGH DOSE VP 16- 2 1 3  FOR RECURRENT OR 

REFRACTORY SMALL CELL LUNG CANCER. A PHASE II STUDY. 

Pieter E .  Postmus , Nanno H. Mulder , Hilly G. de Vries-Hospers , Paula O. M. 

Mulder , Annelies Maas , Aaf F. Meinesz , Dirk Th. Sleij fer , and Elisabeth 

G. E. de Vries. 

SUMMARY. 

In 9 patients wi th recurrent or refractory small cell lung cancer a 

phase II  study with high dose cyclophosphamide and high dose VP 1 6-21 3  

with autologous bone marrow transplantation was performed. The used 

regimen was based on a previously reported phase I study. In 8 out of 9 

evaluable patients a response was seen (6 PR , 2 CR ) .  One patient died of 

treatment related toxicity. Infection is the most important toxicity . The 

response duration was short. This combination is a suitable "late 

intensification'' regimen for patients with minimal residual disease af ter 

standard dose induction chemotherapy. 

INTRODUCTION. 

Studies in animal tumor systems have shown a steep dose response 

relationship for a variety of cytostatic drugs (1 , 2 ) . The clinical 

equivalent of these experiments is found in the increased cure rate since 

the introduction of high dose chemotherapy for lymphoma and leukemia (3 , 

4 ). Also for small cell lung cancer (SCLC) there seems to be a dose 

response relationship for some drugs. Cohen (S ) found a considerable 

improvemen t of both response rate and median survival after increasing 

the doses of drugs used in a combination regimen , although the initial as 

well as the increased dose levels in this study now fall in the low to 

standard dose range. Two of the most active drugs against SCLC , 

cyclophosphamide and VP 16-2 1 3 ,  have at standard dose levels a response 

rate of a pproximately 40% (6 , 7). At much higher dose lavels the response 

rates increase to 84% for cyclophosphamide (8 ) and 80% for VP 16-2 1 3  (9 ) .  

These observations support the existence of a dose response relationship 

for these drugs over a wide range of dosages in patients with SCLC. 
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Table 1 .  Pat ient characteristic s .  

No . Age/sex Previous therapy ( total dose in  mg ) . 

1 55/M CTX ( 3000) J CDDP ( 300 ) , VP ( 6600 ) , ADrl ( 240 ) , VCR ( 8 ) , 

PCZ ( 4000) , PCI 30Gy , XRT 30Gy 

2 59hl CTX (5200) J CDDP ( 520 ) , VP ( 2400 ) 

3 52/M CTX ( 6800) , CDDP ( 680 ) , VP ( 2400 ) , PCI 30Gy 

4 39/M CTX ( 5600) , CDDP ( 560) , VP ( 2400 ) 

5 47/M CTX (6400 ) , CDDP ( 640 ) , VP ( 2400 ) J VDS ( 1 1 . 1 ) 

6 37/F CTX ( 5600 ) , CDDP ( 560 ) , VP ( 2400 ) J PCI 30Gy 

7 52/M CTX ( 6000) , CDDP ( 600 ) , VP ( 7800 ) J PCI 30Gy 

8 56/M CTX ( 8500 ) , ADM ( 375 ) , VP ( 3000) ,  PCI 30Gy 

9 35/M CTX ( 5600 ) , CDDP ( 560) , VP ( 2400 ) J PCI 30Gy 

Response to previous Time between end of initial therapy 

therapy and relapse ( in mon ths ) 

1 .  CR 1 2  

2 .  CR 1 

3 .  CR 6 

4 .  PR 2 

5 .  PR 1 

6 .  CR 3 . 5  

7 .  CR 1 1  

8 .  CR 4 . 5  

9 .  CR 9 

Abbreviations used : CTX = cyclophosphamide ; CDDP = cisplatinum ; VP = VP 

16-2 1 3 ;  ADM = adriamycin ; VCR = vincristine ; PCZ = procarbazin ; PCI = 

prophylactic cranial irradiation ; XRT = radiotherapy to primary tumor ; Gy 

= Gray ; VDS = vindesine . 
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Previously we described the results of a phase I study with high dose 

cyclophosphamide together with increasing doses of VP 16-2 1 3  and 

autologous bone marrow transplantation (ABMT) in patien ts with solid 

tumors ( 10). The dose limiting toxicity of this combination was mucosi tis 
2 of the oropharyngeal region at dosages of cyclophosphamide 7 g/m and VP 

1 6- 2 1 3  2. 5  g/m2. Acceptable toxicity was seen at dosages of 7 g/m2 and 

1 . 5  g/m2 respectively , for older patients ( > 50 yrs) a VP 16-2 1 3  dose of 

0. 9 g/m2 was considered to be tolerable. 

In this report we describe the results of a phase II study with this 

combination regimen and ABMT in patients with SCLC. 

MATERIALS AND METHODS . 

Patients. 

Pertinent data on 9 patients with recurrent of refractory SCLC 

entering the study are given in table 1. Entry criteria were age , 65 

yrs ,  Karnofsky score � 60 , bilirubin level s , 25 mmol/1 , serum creatinine 

levels , 1 50 µmol/1 , leucocytes � 3. 0 x 109 ;1 , platelets ;;i. 100 x 109;1  

and  no signs of  tumor invasion in  bilateral iliac crest biopsies  and 

bone marrow smears . 

All patien ts had measurable tumor localizations ,  not previously 

irradiated. 

Informed consent was obtained from all patients and the study was 

approved by the local medical ethical committee. 

Bone marrow aspiration. 

Bone marrow aspiration , storage and reinfusion was performed as 

d escribed previously ( 10 ,  1 1). 

Cytostatic treatment . 

All patients  received cyclophosphamide 7 g/m2 . One third of the total 

dose , dissolved in 500 ml normal 

on three consecu tive days. Mesna 

dose of 4 g/m 2 in order to prevent 

VP 16-2 1 3  was dissolved in 500 

hour infusions with 12 

cyclophosphamide. Patients 

patien ts  0. 9 g/m2. 

hours 

, 50 

saline , was given as a 30-min infusion 

was given on the same days in a total 

hemorrhagic cystitis. 

ml normal saline and given in two , one 

interval on the same days as 
2 yrs received 1 . 5 g/m total dose , older 
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After evaluation of the response on high dose chemotherapy the 

patients 2 , 4, 5, 6, 7, 8, 9 received radiotherapy on the site of the 

major tumor bulk. Patient 3 subseq uently received four courses of high 

dose VP 16-2 13  ( 1 . 5  g/m2 ) .  

Toxicity was graded according to WHO criteria ( 1 2) . 

Supportive care. 

Patients were treated in a single person bedroom. Intravenous thera py 

was given through a central venous Hickman catheter. Nutritional support 

consisted of 4000 kcal/day given either totally parenteral or a 

combination of oral and parenteral feeding. All patients received 

prophylactic antibiotics directed against potential pathogenic flora in 

the digestive tract (13) .  This regimen consisted of amphotericin B 4 x 

500 mg orally and lozenges (6 x 10 mg ),  polymyxin B 4 x 200 mg and 

cotrimoxazole 3 x 2 tablets ( 1  tablet contains 80 mg trimethoprim and 400 

mg sulfamethoxazole ) .  

Prophylactic platelet transfusions were given a t  a thrombocyte level 

of � 15 X 1 09 /1. 

In case of an infection , defined as temperature � 38°C (axillary ) and 

clinical or bacteriological signs of an infection, first line antibiotic 

treatment consisted of a combination of cefuroxim and tobramycin . 

Response. 

The response was evaluated 4 weeks after the start of treatment. 

Complete response (CR )  was defined as disappearance of all known tumor 

lesions. 

Partial response ( PR) was defined as a decrease of more than 50% of 

the product of the largest perpendicular diameters of all measurable 

lesions. 

Stable disease (SD)  was defined as a less than 50% regression without 

signs of progression . Progression was defined as an increase over 25% of 

a measurable lesion or a ppearance of new tumor lesions. Toxic death (TD) 

was defined as death due to treatment related toxicity . 

Response duration and survival time were measured from the first day 

of high dose chemotherapy. 
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RESULTS. 

Tumor response . 

Eight out of 9 patients were evaluable for response. Two patients had 

a CR , 6 a PR (Table I I). One patien t died on day 15 due to treatment 

related toxicity ,  at autopsy no tumor was found. In one of the PR 

patien ts  a CR of the brain metastases was seen. 

The median response duration in the 8 responding patients was 5 mon ths 

( range 2-8+). The median survival was 6 months ( range 2+-1 2). Two 

patients  are still alive without tumor progression. 

Toxicity. 

All patients developed leuco- and thrombocytopenia ( table III ) .  There 

were no bleeding episodes , 

bleeding . In a l l  patients 

except one small gastro- intestinal tract 

fever due to an infection developed , in 8 

patients a causative microorganism was found , in patient 1 this was found 

at  autopsy ; in 1 patient herpes simplex infection was suspected but not 

confined. During the 3 days of chemotherapy infusion all patients 

experienced nausea and vomiting , HHO grade 2-3. Some . had at that time 

diarrhea grade 2 ;  during cytopenia 5 patients had diarrhea , grade 2-4 

( table 3) , in patient 9 candida overgrowth was found in the 

gastro-intestinal tract and in patient 4 Clostridium difficile toxin was 

present in the faeces. Mucositis of the oropharyngeal region developed in 

all patients ( table I I I ) .  Skin toxicity was mild , grade 1 .  There were no 

signs of bladder toxicity. 

DISCUSSION . 

Although SCLC is a tumor with a high response rate , after standard 

dose chemotherapy often resulting in complete  clinical remissions , only a 

minority of the patients will have a long term disease free survival. The 

response rate of second line chemotherapy for progressive or relapsing 

SCLC is low , therefore new treatment modalities ,  as for instance high 

dose chemotherapy , have to be investigated. 

In this study we used a combination of high dose cyclophosphamide and 

high dose VP 1 6-2 13  with ABNT based on the results  of a previously 

described phase I study ( 10). Both drugs are among the most active 

against SCLC at standard dose level s ,  and furthermore for both drugs a 

dose response relationship for SCLC exists. 
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Table 2. Results of high dose chemotherapy. 

Pat .  Response Response duration Sur vival 

(months ) ( mon ths ) 

1 TD 

2 PR 3. 5 5 

3 PR/CR 6 12 

4 PR 7 9+ 

5 CR 6 8 

6 CR 6 8 

7 PR 2 3 

8 PR 4+ 4+ 

9 PR 3+ 3+ 
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Table 3. Toxicity. 

Pat . No. days with No . days with 

leuc . .,;; O . SxlO  / 1  leuc. � 1 . 0  

1 1 2+ 12+  

2 10  1 2  

3 13  14  

4 13  1 4  

5 15  17  

6 13  1 4  

7 20 2 1  

8 14  15  

9 13  14  

Diarrhea during cytopenic phase 

WHO-grading ( 1 2 )  

1 

0- 1 

3-4 

2 

3 

3-4 

0 

0 

4 
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No. platelet Mucositis  

transfusions \✓HO-grading ( 1 2 )  

3 1 

3 0 

5 1 

5 1 

5 2 

8 3 

4 1 

4 1 

4 4 



This is an aggressive regimen with considerable toxicity. Overall the 

trea tment was tolerated well , which might have been influenced by the 

rela tively young patients. Previously in the phase I study we already 

described severe toxicity  of this regimen , especially in older patien ts . 

The ma jor disadvantage of this  treatment modality is the high incidence 

of serious , mainly gramposi tive , infections. In the study presented now a 

response rate of 100% is seen and although it is only in a small group of 

patients , it can be predicted that i t  will be an active combina tion with 

a > 50% response rate in a larger group of comparable patients wi thin 95% 

confidence limits. 

The high response rate in this group of patients might have been 

influenced by the selec tion of the patients , because 7 patients had 

apparently very sensitive tumors regarding the CR after s tandard 

chemotherapy . On the other hand the response improvement in  the 2 

patients with only a partial remission a f ter the induction r egimen 

supports the presumed dose response relationship for both drugs. In this 

way i t  might be possible to overcome to some degree the p resumed 

existence of either primary or induced drug resistance. The lat ter might 

have been the case since both drugs were used in the initial treatment.  

The main potential for the application of this regimen is i ts  use as a 

"late  intensification" to eliminate minimal residual disease. The 

patients who could with this treatment strategy possibly become curable 

are those who are in complete clinical remission after standard 

chemotherapy. At  that momen t  mar row is  harvested and reinfused after 

ablative chemotherapy. 

This strategy is supported by the mathematical model of Norton and 

Simon ( 14 ) .  In this situation the bone marrow reserve capacity  is still 

sufficient with respect to the number of bone marrow CFU ' s  ( 1 5 ) .  
C 

Furthermore , the risk of bone mar row involvement by tumor cells i s  

minimal due to the "clean-up"  b y  the standard therapy. 

The treatment of SCLC patients with persistent or progressive tumors 

with this  high dose regimen is  not justifiable considering its high 

morbidity  and short response duration. The addition of new active 

myelotoxic drugs to cyclophosphamide and VP 1 6-21 3  might however yet 

improve the response duration in  these patients. 
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CHAPTER 10 

HIGH-DOSE CHEMOTHERAPY FOR SMALL CELL LUNG CANCER 

Pieter E. Postmus, Dirk Th. Sleijfer and Nanno H. Mulder. 

INTRODUCTION 

Initially, the introduction of chemotherapy in the treatment of small cell 

lung cancer (SCLC) has considerably improved the bad prognosis of the 

patients with this highly malignant tumor (1) . The change of a median sur

vival of less than 3 months before chemotherapy into more than one year as 

a result of its introduction, and the observation of the occurrence of two 

year disease free survival, be it only in a small number of patients, led 

half a decade ago to speculations that the goal of cure in a larger number 

of these patients might be within reach (2) . Since that time however, no 

further progress has been made and the therapeutic results are still on 

the same plateau as five years ago. This disappointing reality neces

sitates the investigation of other therapeutic approaches and in this 

chapter the results of high-dose chemotherapy (HDCT) will be summarised 

and discussed. 

RATIONALE OF HIGH-DOSE CHEMOTHERAPY 

The use of HDCT is based upon the assumption of a dose-response relation

ship for cytostatic drugs used in clinical practice . The cause of this 

dose response relation could be the overcoming by high drug concentrations 

of mechanisms that protect cells against the action of cytostatic drugs in 

normal concentrations. In this way the effect of high-dose methotrexate 

(HDMTX) in cells resistant to standard doses of MTX could be explained by 

the neutralization of increased dihydrofolate reductase levels in 

MTX-resistant cells. In the clinical situation, high drug concentrations 

could surmount physiological barriers such as the blood-brain-barrier or 

those brought about by hypovascularization of a tumor. In this respect the 

recent successful application of high-dose VP16-213 in patients with 

Central Nervous System (CNS) metastases of SCLC is interesting (3, 4). Also 

the effect of high-dose BCNU on metastatic disease in the CNS in a number 

of malignancies is noteworthy (5). 
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Several studies in animal tumor systems have shown a dose-response 

relationship for a broad variety of cytostatic drugs (6, 7, 8). The clinical 

equivalent of these experiments is found in the increased cure rate since 

the introduction of high-dose therapy in lymphoma and leukemia (9, 10, 11). 

In SCLC a relation between dose and response seems to exist over a wide 

range of dosages for a variety of drugs. Cohen found a considerable im

provement in both the response rate and median survival after doubling the 

doses used in a combination regimen, although the initial as well as the 

increased dose levels in this study fall in the low to standard dose range 

(12). Response rates of standard dose cyclophosphamide (13) and VP16-213 

(14) are 30-40% and 40-50%. The much higher response rates seen in pre

viously untreated patients after high-dose cyclophosphamide (84%) (15) and 

high-dose VP16-213 (80%) (16) indicate that this relationship also exists 

at much higher dose levels. 

It is generally assumed that combination chemotherapy is superior to se

quential therapy with the same drugs , In sofar as this hypothesis is valid 

for standard dose therapy, it is conceivably also true for high-dose 

treatment. 

A prerequisite for this will be the existence of a dose-response relation

ship for the different agents forming the combination regimen. In the 

situation of HDCT the effect of the increased or cumulative toxicity could 

however be much more devastating. 

TOXICITY OF HIGH-DOSE CHEMOTHERAPY 

A considerable dose escalation of cytostatic drugs is limited by the in

crease of haematological and extramedullary toxicity of these drugs, The 

anthracyclines, cisplatinum and the vinca alkaloids frequently induce ex

tramedullary toxicity already at conventional dosages and are therefore 

not suitable candidates for high-dose regimens. For some drugs, toxicity 

can be reduced or prevented by pharmacological rescue methods as for in

s tance leucovorin for methotrexate (17) and mesnum for cyclophosphamide 

(18) . 

Escalation of the dose of cytostatics without important extramedullary 

toxicity at standard dose levels, such as the alkylating agents cyclophos

phamide, melphalan, and BCNU, and the podophyllotoxin derivatives VP16-213 

and VM26, will lead to an increase in bone marrow toxicity. Supportive 

measures such as infection prevention (19) and platelet transfusions, can 
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be used to ameliorate the expression of this toxicity. Furthermore ad

ministration of combinations of these drugs in dosages that are more or 

less completely marrow ablative is also possible if autologous bone marrow 

transplantation (ABMT) is used to reconstitute the bone marrow, or at 

least shorten the period with cytopenia (20). 

ABMT was already introduced in the 19SO 's (21) but was not widely appli

cated till late in the 1970 1 s. In most centres bone marrow aspiration is 

performed under general or epidural anesthesia (22, 23) but it can also be 

done under mild analgesia with local anesthesia (24). Of the aspirated 

marrow the buffy coat is separated and stored after controlled freezing in 

liquid nitrogen. If reinfusion is planned within 48-72 hours it is also 

possible to store the whole marrow at 4°C (25). Procedures aimed at 

elimination of malignant cells from the marrow have not yet found wide ap

plication in solid tumors. 

EXTRAMEDULLARY 

CHEMOTHERAPY 

TOXICITY OF CYTOSTATIC DRUGS SUITABLE FOR HIGH-DOSE 

Several drugs underwent investigation in dose escalation studies. Of these 

drugs only cyclophosphamide, the nitrosureas, VP16-213, VM26 and MTX have 

shown some activity at standard dose levels against SCLC and are therefore 

first choice for use in high-dose regimens in patients with this tumor. 

Cyclophosphamide. 

Two important extramedullary side effects have been reported. The 

urothelial toxicity, caused by one of its metabolites, acrolein, can 

result in severe hemorrhagic cystitis. This complication is seen in 8% of 

patients treated with weekly dosages of 200 mg/m2 after a medium cummula

tive dose of 10. 1 g/m2 (26), but occurs in 32% of the patients after 

single doses of 200 mg/kg (27). Today this problem is virtually abolished, 

when 2-mercaptoethane sulfonate (mesnum) is given in combination with 

cyclophosphamide. This water soluble sulphydril containing compound inac

tivates acrolein (18) and prevents the epithelial toxicity. Furthermore, 

high-dose cyclophosphamide appears to cause a unique form of hemorrhagic 

myocarditis, frequently with a fatal outcome in combination regimens. This 

complication is then seen at a dose of 160 mg/kg or higher (28). When 

cyclophosphamide is used as a single agent up to dosages of 240 mg/kg (29) 

this complication is unlikely to occur, although one fatal case has been 
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reported after 180 mg/kg (30). Although myelosuppression at the highest 

dose level as single agent is severe, there is no benificial effect of 

ABMT on the nadir of the granulocytes or the time of recovery of the bone 

marrow aplasia (31). 

Nitrosureas. 

High-dose BCNU does result in several extramedullary toxic side effects. 

Most frequently encountered is the pulmonary toxicity. This was fatal in 

9. 5% of the patients at a dose of 1. 2 g/m2 (5). Pre-existing pulmonary 

disease is a major risk factor, while previous use of pulmonary toxic 

drugs and/or thoracic irradiation enhances the BCNU toxicity (32, 3 3). 

At a dose of 1. 2 g/m2 fatal hepatotoxicity occurs in 3% of the patients 

doses over 1. 5 g/m2 even have a 35% fatal outcome due to hepatic necrosis 

(5). ABMT has been found to shorten the period of marrow aplasia after 

high dose BCNU (34). 

VP16-213. 

Mucositis of the oropharyngeal region is the most important extramedul lary 

toxicity of high-dose VP16-213. Increasing the doses over 1 g/m2 leads to 

some mucositis in the majority of the patients. This could be caused by a 

local effect of the VP16-213 present in the saliva (36). 

Wolff et al found dose limiting mucositis at 2. 7 g/m2 , the drug was given 

i. v. on three consecutive days by one infusion per day (36). In our own 

institution dose limiting mucositis was seen at a dose level of 3. 5 g/m2 , 

in this study 6 infusions were given with 12 hours interval (37). Bone 

marrow toxicity was serious but recovery occurred within three weeks after 

the infusions of VP16-213, and ABMT will probably not have any benificial 

effect on the bone marrow recovery at maximally tolerated dosages of VP16-

213. 

VM26. 

In a dose escalation study of VM26 (38) bone marrow toxicity was substan

tial, although not dose-limiting . At a cumulative dose level of 1 g/m2 , 

given i. v. during three consecutive days, dermatologic toxicity was con

sidered to be dose limiting. This dermatologic toxicity is comparable to 

the Stevens-Johnson syndrome which has been described after VP16-213 ad

ministration (39). 
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Methotrexate. 

Haematological and extramedullary toxicity induced by HDMTX can be 

prevented completely by the use of leucovorin rescue (17).  The renal 

toxicity of HDMTX, due to precipitation of the drug in the renal tubules 

and collecting ducts, can be prevented by adequate hydration and 

alkalinization of the urine during HDMTX administration. 

TOXICITY OF COMBINATION REGIMENS 

The development of high-dose combination regimens has not been extensively 

studied. Just as for single agents, defining useful combinations can only 

be done by following the traditional scheme of drug testing i.e. first 

evaluating single agent toxicity at high-dose levels, thereafter the 

toxicity of the combination of two or more antineoplastic drugs. At that 

time the combination can be used in phase II and phase III studies. Until 

now in only one study this methodical approach regarding the evaluation of 

the toxicity of high-dose cyclophosphamide and high-dose VP16-213 in com

bination with ABMT has been followed (40) . Mucositis of the oropharyngeal 

region was dose-limiting after administration of 7 g/m2 cyclophosphamide 

plus 2. 5 g/m2 VP16-213. 

TOXICITY OF HDCT WITH TOTAL BODY IRRADIATION 

Adding total body irradiation (TBI) to HDCT regimen might be useful be

cause SCLC is very sensitive for radiotherapy. Furthermore the penetration 

of TBI into the CNS is not hampered by physiological barriers and may 

therefore be of value for the treatment of possibly present CNS 

metastases. 

A major disadvantage of TBI in combination with HDCT is the very severe 

toxicity; besides the severe mucositis in most patients, cardiorespiratory 

failure was fatal in 507. of the patients after TBI 8 Gy, cyclophosphamide 

100-240 mg/kg and vinblastine (41). Also combining nitrosureas and TBI is 

dangerous, two out of 6 patients developed fatal interstitional 

pneumonitis, when CCNU or BCNU was added to the less toxic combination of 

TBI and high-dose cyclophosphamide (42). 

INDICATIONS FOR ABMT 

Only two randomized studies have shown a beneficial effect of ABMT after 

HDCT (20 , 34). Other studies showed a shorter period of aplasia after HDCT 
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Table 1 

Phase II  studies in SCLC patients with progressive disease 

therapy CR PR NR treatment response duration reference 
related in months 

death 

CTX 6 g/m• ** 1 4 3 1 3 , 4 , 5 , 7* , 12+* 56 

VP 0 . 5  g/m• 

BCNU 300 mg/m2 

BCNU 300 mg/m2 ** 2 3 0 0 not specified 57 

PCZ 800 mg/m2 

L-PAM 140 mg/m2 

tO 
tO 

g/m• ** CTX 7 3 5 0 1 1+* , 2+* , 2* , 3* , 4* , 4* , 7* , 9* 58 

VP 0 . 9-1 . 5  g/m• 

BCNU 0 . 6-1 g/m• ** 1 3 4 0 not speci fied 59 

BCNU 0 . 6-2 . 85 g/m• ** 0 4 0 0 1 . 5  5 

BCNU 0 . 6  g/m• ** 0 0 3 0 not specified 60 

MTX 1 . 5  g/m• 0 0 17 0 54 

* received further radio and/or chemotherapy 

** received ABMT 



with ABMT compared to less chemotherapy without ABMT (43, 44). Also, the 

number of infused colony forming units in culture (CFU ' s) and the quality 
C 

of the cryopreserved bone marrow was found to influence hematopoietic 

recovery (45, 46, 47). Certainly the aplastic period will be shortened by 

ABMT if TBI forms a part of the treatment. In other situations it is not 

certain if ABMT is necesary. The relative mild additional burden to the 

patients from the harvesting and reinfusion of bone marrow however, makes 

it difficult to perform controlled studies and therefore combining HDCT 

with ABMT is probably preferable. 

STRATEGY OF HIGH DOSE THERAPY 

Two different approaches for HDCT for SCLC are possible and both are cur

rently investigated. 

The first approach is the application of "up-front" HDCT in untreated 

patients. This approach can be regarded as a very intensive induction 

chemotherapy. The major advantage is the treatment of a tumor in which no 

resistance to cytostatic drugs has been induced by previous chemotherapy. 

A problem is what to do after this intensive induction if cure is not 

achieved after one · course of therapy, as is with the current available 

drugs the most likely outcome. A repeated course of this intensive 

chemotherapy will hardly be possible because most patients are relatively 

old and recover slowly after the initial intensive treatment. 

On the other hand treatment with standard dose therapy will also be dif

ficult due to the limited marrow reserve after the induction treatment. 

Furthermore the value of "maintenance" standard therapy in this situation 

is questionable. The use of HDCT with ABMT "up-front" implicates that 

bone-marrow is reinfused which is potentially contaminated with tumor 

cells. In SCLC bone marrow metastases are already found in 207. of the 

patients at the time of the initial diagnosis (48) and regarding its early 

and wide spread dissemination the real number of patients with bone marrow 

involvement will be even much higher. Although it is uncertain if reinfu

sion of a small number of tumor cells will really lead to regrowth of 

tumor, it is not an attractive risk. This problem could become solvable as 

soon as specific monoclonal antibodies become available to purge the mar

row in vitro with these antibodies. Because SCLC is a heterogenous tumor 

(49) it is probably indicated to use a panel of monoclonals to eliminate 

all contaminating tumor cells. 
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Table 2 

"up-front" high dose chemotherapy * 

Therapy CR PR 

CTX 4 . 5  g/ni' ** 7 6 

VP 0 . 6  g/m' 

VCR 2x2 mg 

ADM 80 mg/m' ( 7 pat ) 

VP 1 . 2  g/m' 4 4 

CTX 160-200 mg/kg** 14 7 

CTX 100 mg/kg 3 10 

VP 1 . 2 g/m' 

* all patients received further therapy 

** with ABMT 

NR 

0 

2 

4 

1 

treatment 
related 

death 

0 

0 

0 

0 

response 
duration 

months 

med . 10 
range 5-28+ 

not specified 

med . 10 

med . 4+ 
range 2-11 

reference 

61 

16 

1 5  

6 2  



Table 3 continued 

CTX , ADM ,  VP CTX 100-200 mg/kg*" 6 PR 
l 

all not 66 

+/- CCDP VP 0. 75-2 . 5  g/m2 3 NR � - further . specified 
regression 

VCR , ADM and CTX 4 . 5  g/m2 ** 10 CR - 10 CR 4 pat 24+ 67 

IF0 or CTX , VP VP 0 . 6  g/m2 18 PR --;, 11 CR 
VCR 2 ----------.. 7 PR mg 

+/- MTX 0 . 5-1 . 2  g/m2 1 NR ----;, 1 PR 

+/- ADM 40-80 mg/m2 

CTX , ADM ,  VP CTX 120 mg/kg** 3 CR - 3 CR survival 42 
VCR , MTX TBJ 10 Gy 6 PR - 2 CR 2-13 

+/- CCNU/BCNU 
� 

2 PR 1 pat 2 yr 

2 NE 

1 NR - PR 

VCR , ADM ,  VP CTX 7 g/m2 12 CR ---;, 12 CR not specified 31 
15 PR - 4 CR 

'---...,. 11 PR 

CTX , ADM ,  VCR , CTX 120 mg/kg** 2 PR - 2 CR 3+ , 6  68 
MTX BCNU 400 mg/m2 1 NE 

VP 1 g/m2 1 early death 

MTX , VCR , CTX , ADM CTX 6 g m2 ** 3 CR -., 3 CR 6+ , 25+ 55 
VP , CDDP VP 0 . 5  g/m' 10 PR - 4 CR 

BCNU 300 mg/m2 

� 
3 CR 

3 ED 

* received subsequent therapy ; ** with ABMT 



Table 3 

Intensification after r(-,mission induction by standard dose chemotherapy 

previous intensi fication intensification : time till reference 
therapy regimen response relapse 

before after (months ) 

CTX, MTX, CCNU CTX 120 mg/kg** 3 CR - 3 CR 4, 8, 15  63 

VCR, PCZ, ADM VP 0 . 6  g/m' 5 PR - 1 CR 3 

20 Gy to tumor sites 
� 

2 PR 2, 4 

2 TD 

CTX, ADM, VCR CTX 200 mg/kg** 5 CR - 5 CR 18 64 

pred .  18  further 9 
regression 
but no CR 

CTX , ADM, VP CTX 200 mg/kg** 11 CR --'> ll CR not specified 64 ,-; 

VCR, MTX VP 1 g/m' 1 1  PR --"- 2 CR 

9 PR 

CDDP , ADM , VP CDDP 120 mg/m' ** 3 CR - 3 CR 

ADM 90 mg/m2 6 PR - 2 CR 5-17+ 65 

VP 240 mg/m2 

� 3 PR 

3 Progr . 

1 PR - 1 TD 

COOP , ADM , VP CDDP 120 mg/m2 ** 1 CR - CR 10+ 65 

ADM 135 mg/m2 Progr . --: PR 2 

VP 360 mg/m2 1 CR - TD 



The second approach is the application of HDCT after remission induction. 

This second approach is based upon the mathematical model described by 

Norton and Simon (50); this model suggests that in treating minimal 

residual disease, only increased doses of chemotherapy could lead to cure, 

as it is obligatory to overcome relative drug resistance. Until now, this 

concept of " late intensification" has not been tested adequately in solid 

tumors. The results of allogenic bone marrow transplantation in leukemia, 

however, support this model. An advantage of this approach is the in vivo 

"clean up" of the bone marrow by the standard chemotherapy used for 

primary remission induction and in this way the risk of tumor cell infus

ion at the time of ABMT will be minimal. Furthermore by reducing the tumor 

load by standard dose therapy, a number of patients will have an improve

ment of their performance score and HDCT with ABMT will probably be 

tolerated easier than at the time of diagnosis. A potential risk is the 

diminished reserve capacity of the bone marrow that has to be reinfused at 

the time of intensification. The number of CFU s in the bone marrow after 

4 courses of standard therapy in a group of SCLC patients, however, was 

not significantly different from the pretreatment number and harvesting of 

adequate numbers of stem cells for ABMT therefore seems to be no problem 

(51). 

HIGH-DOSE CHEMOTHERAPY STUDIES IN SCLC 

In the studies describing the effects of HDCT in SCLC up till now, ar

bitrary dosages of arbitrary combinations of cytostatic drugs have been 

given . 

Furthermore only for cyclophosphamide and VP16-213 the existence of a 

dose-response relationship in SCLC has been made plausible. VM26 and BCNU 

have not been investigated sufficiently . HDMTX, however, does not show 

much more activity in SCLC than at standard doses (52), furthermore the 

addition of HDMTX to a combination regimen did not make a major difference 

in both response rate and survival (53). Also its activity in pretreated 

patients is minimal (54). 

Probably only the methodical testing of single agents and combination 

regimens in phase I and II studies will  result in the administration of 

the optimally dosed drug combinations, 

The studies can be distinguished into three groups: 
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1. high-dose therapy in pretreated patients with recurrent or progressive 

disease (table 1), 

2. high-dose therapy "up front" (table 2), 

3. high-dose therapy after successful remission induction, the so called 

"late intensification" (table 3). 

DISCUSSION 

The evaluation of HDCT with or without ABMT has been started with a lot of 

optimism but the enthousiasm is lessening after what has been reported 

during the last two years. It is necessary to evaluate this time and money 

consuming therapy and to define at which point we are now. HDCT is undoub

tedly an effective second line therapy for SCLC considering its high 

response rate in heavily pretreated patients, but application of HDCT as 

the initial treatment is not unequivocally successful regarding the sur

vival time and the number of long term disease free survivors ; both are 

comparable to what can be reached by standard dose chemotherapy .  Although 

the regimens consist of either single agents at an optimal dose or com

binations of submaximally dosed drugs, even a slight improvement has not 

been seen. This seems not to fit with the assumed dose response relation

ship and probably the application of a regimen consisting of presently 

available drugs at maximally tolerated dose levels will not result in a 

dramatic improvement. This makes high-dose induction chemotherapy not a 

promising approach. 

The situation is more or less the same for "late intensification" regimens 

in partial or non responders. In almost every published study activity of 

the used combination is shown, regarding the improved responses in 

patients with still evaluable tumors after standard chemotherapy. Its ef

fect in patients in complete remission is much more difficult to evaluate, 

due to the short follow up in the reported studies; besides that the num

ber of long term survivors is frequently not mentioned. 

Until now the preliminary results of only one phase III study have been 

reported, the results in patients with limited disease seem to be promis

ing (55). 

Theoretically the "late intensification" approach should be limited to 

patients with minimal residual disease, which means that only patients in 

a complete remission are suitable candidates. To answer the question if 
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this "late intensification" hypothesis is really of any value it has to be 

tested in this group of patients either in a phase II  or phase III study. 

It is not clear at what time the "late intensification" has to be given ; 

regarding the pattern of response in SCLC it should be rather early, for 

instance after 3 courses of standard chemotherapy because the maximal 

response is in most patients reached after 2 courses (12). Furthermore 

prolonged standard dose chemotherapy might give rise to drug induced tumor 

cell resistance in these initially very sensitive tumors. 

As this moment the drugs suitable for dose escalation are only cyclophos

phamide and VP16-213. HDMTX has not shown any increased effect in SCLC in 

comparison with standard doses. The widely applicated high-dose BCNU is 

probably not a very good choice considering its low activity at standard 

dose levels and its very severe extramedullary toxicity at high-dose 

levels. Also adding TBI results in an increase in toxicity and is there

fore not an opportune choice. In conclusion HDCT is active as far as the 

response rate in patients with SCLC is increased, but a survival benefit 

has not been shown until now. Further phase II and III studies are neces

sary to decide if "late intensification" regimens have to be used on a 

larger scale. Improvement of the regimens used has to be pursued by adding 

new active drugs with limited extramedullary toxicity to the currently 

available combination regimen. 

Abbreviations used: 

CTX cyclophosphamide VP VP16-213 or etoposide 

BCNU carmustine PCZ procarbazin 

L-PAM melphalan MTX methotrexate 

CCNU lomustine TBI total body irradiation 

Fred prednisolone CDDP cisplatinum 

IFO ifosfamide VCR vincristine 

CR complete remission PR partial remission 

NR no response TD toxic death 

ED early death 
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SUMMARY AND CONCLUSIONS 

This thesis deals with several aspects of experimental chemotherapy for 

SCLC. The development of chemotherapeutic intervention in patients with 

SCLC has been summarized in the introduction. 

In Chapter I, the effects of a new combination of drugs that are synergis

tic in vitro, alternating with a potentially non-cross resistant standard

dose-regimen are described. The results of this treatment are comparable 

to several others, as published in the literature, with regard to response 

rate, response duration, median survival, and long term survival. The role 

of alternating regimens seems to be neglectable, probably because of not 

being non-cross resistant. 

Other approaches for SCLC are necessary, one of these could be further in

tensification by means of dose escalation of chemotherapy. Only drugs, 

that have mainly myelotoxicity as side effect , are suitable for a con

siderable dose escalation, because in this situation rescue by autologous 

bone marrow transplantation is possible. Therefore the bone marrow reserve 

capacity of SCLC patients before and during chemotherapy was evaluated 

(Chapter 2). In . a group of SCLC patients the number of colony forming 

units in culture (CFU . 1 s) in bone marrow was determined at different 
C 

times. 

Although CFUc ' s  do not really measure the number of stem cells, there is a 

relation between CFUc ' s  and the capability to restore hemopoiesis after 

potentially bone-marrow-ablative chemotherapy. The number of CFUc ' s  after 

induction chemotherapy was considered to be sufficient to aspirate and 

store the bone marrow at that time. A maj or advantage of aspiration after 

remission induction is the reduced risk of contamination with tumor cells. 

In Chapter 3, the results of high-dose chemotherapy for solid tumors in 

the literature, have been compiled. In general there has not been a sys

tematic approach in this area which has led to fragmentary data and 

investigations. 

Toxicity data of single agents are usually available, but sufficient 

evaluation of combination regimens has not been done. Based on these data, 

two drugs were selected for high-dose chemotherapy in patients with SCLC: 

Cyclophosphamide and VP16-213. Toxicity data of high-dose cyclophosphamide 

are available from the literature, but the toxicity of high-dose VP16-213 

has not been evaluated extensively, therefore we have performed a phase I 
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study of high-dose VP16-213 ( Chapter 4). The dose-limiting toxicity was 

mucositis of the oropharyngeal region and occurred after 3. 5 g/m2 • 

Hematologic toxicity was severe but does not seem to be dose-dependent, 

The possible existence of a dose-response relationship was supported by 

the response in patients with breast cancer and in a patient with 

adenocarcinoma resistant to standard dose VP16-213. 

In Chapter 5, pharmacokinetics of high-dose VP16-213 were studied .. VP16-

213 was measured by high performance liquid chromatography with 

electrochemical detection. The 

with 

plasma concentration versus time curve 

a very slow terminal phase. VP16-213 is s hows a tri-phasic 

s trongly bound in 

compartment varied 

decay 

the peripheral compartment. The volume of the central 

from 7. 4 to 20. 1 l/m2 and the steady state volume of 

distribution from 3 . 1  to 7. 8 l/m2 • Relatively high concentrations were 

found in saliva, bile, ascites and urine. The total body clearance varied 

from 12. 0 to 26. 8 ml/min/m2 and 26. 2 to 53. 4% was excreted unchanged into 

the urine, 8. 3 to 17. 3% as glucuronide. 

The responses in two patients with CNS metastases of SCLC after high-dose 

VP16-213 prompted us to investigate the penetration of VP16-213 into the 

cerebrospinal fluid (CSF) (Chapter 6a) , In all patients VP16-213 was found 

in the CSF, concentrations were low but apparently in the effective · range 

for SCLC. 

Interesting was the detection of a cis-isomere of the parent drug in CSF 

in a much higher concentration than in plasma. The role of this compound 

is still uncertain , The potential role of high-dose VP16-213 for the fre

quently occurring CNS metastases is illustrated in Chapter 6b describing a 

radiologically complete remission of brain metastases lasting up to six 

months. 

In Chapter 7, the 

d rugs for high-dose 

cyclophosphamide, 7 

toxicity. WHO-grade 

toxicity of the combination of the two most suitable 

chemotherapy for SCLC was evaluated. Combining 

g/m2, and VP16-213, 2 . 5  g/m2 led to unacceptable 

4 mucositis occurred in 2 out of 3 patients. 

Furthermore two older patients died during aplasia without a clear cause 

of death. The value of this treatment in older patients seems therefore 

questionable. In 

reached within 

the 11 surviving patients bone marrow recovery was 

4 weeks following bone marrow infusion, Two patients with 

minimal residual disease of ovarian cancer had a long-term disease-free 

s urvival after this treatment. An important complication of high-dose 
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chemotherapy is infection during aplasia. Several aspects of selective 

decontamination of the digestive tract (SDD) in these patients are 

described in Chapter 8. Despite adequate decontamination by non-absorbable 

drugs, the infection incidence is high. This could be due to the intensity 

of the cytostatic treatment destroying natural barriers, such as skin and 

mucosa. To improve these disappointing results it would be necessary to 

use for SDD drugs with a systemic effect. 

In Chapter 9, the regimen defined in Chapter 7, was evaluated regarding 

efficacy. Out of 9 patients with progressive SCLC 8 responded, 1 patient 

died during aplasia. The response rate of this regimen is >507. and might 

therefore be an interesting regimen for "late intensification" in patients 

in complete remission after standard dose chemotherapy. 

In Chapter 10 all high-dose chemotherapy studies for SCLC from the litera

ture have been compiled. Based on these data some conclusions can be 

drawn: 

1 .  high-dose induction chemotherapy is not better than standard 

chemotherapy, 

2. only two drugs, cyclophosphamide and VP16-213, are suitable for high

dose chemotherapy for . SCLC, 

3. high-dose chemotherapy after standard dose induction chemotherapy 

("late intensification") in patients in complete remission, seems at 

present to be the only promising approach . 

GENERAL CONCLUSION 

SCLC has been treated by chemotherapy since the early seventies . The 

initial promising results have not been followed by a dramatic improvement 

in the prognosis. Overall treatment results have not changed during the 

last decade and are poor in most patients. The studies described in this 

thesis confirm this general trend . The results of the high-dose 

chemotherapy regimen are promising but this treatment can only be con

sidered in a small group of patients with minimal residual disease. 

Although the role of high-dose VP16-213 for CNS relapses may be important, 

the number of patients with late CNS-relapse only is small, and therefore 

it will probably have only minor influence on long term survival. 

In general, high-dose chemotherapy seems to be potentially useful in the 

small group of patients reaching a complete remission after standard dose 
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chemotherapy. For the great majority of the SCLC patients there are still 

no new therapies and the outlook is grim. Further understanding of the na

ture of this highly malignant tumor is needed. Application of new 

diagnostic techniques, as for instance monoclonal antibodies directed to 

SCLC, and the study of the in vitro behaviour of SCLC will probably shed 

new light on the nature of this tumor. Understanding of the factors in

fluencing growth, development of resistance , and metastases may have 

implications for future treatment policies. In the mean time every effort 

has to be made to curtail or even abandon smoking habits especially in the 

younger age group. For the large group of already tumor-bearing patients 

the main goal of therapy has to be improvement of the quality of life. 
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SAMENVATTING EN CONCLUSIES. 

In dit proefschrift worden verschillende aspecten van experimentele 

chemotherapie voor het kleincellig longcarcinoom beschreven. 

De ontwikkeling van de chemotherapeutische behandeling voor patienten met 

een kleincellig longcarcinoom is samengevat in de inleiding. 

In hoofdstuk 1 worden de effecten van een in vitro synergistische com

binatie van verschillene cytostatica, gealterneerd met een potentieel niet 

kruis-resistent, standaard-regime , beschreven. De resultaten van deze be

handeling zij n vergelij kbaar met verschillende andere, zoals gepubliceerd 

in de literatuur , wat betreft responsfrequentie, responsduur, mediane 

overleving en langdurige overleving. Het nut van alternerende regimes 

lijkt nihil, waarschij nlij k doordat ze niet echt kruis-resistent zijn. 

Andere benaderingen voor het kleincellig longcarcinoom zij n noodzakelij k .  

Een van de mogelijkheden is verdere intensivering van de behandeling door 

een dosisescalatie van de chemotherapie , Hiervoor zij n alleen cytostatica 

geschikt die als belangrijkste bij werking beenmergsuppressie hebben , omdat 

in deze situatie door autologe beenmergtransplantatie persisterende 

aplasie kan worden voorkomen. Daarom werd de beenmergreservecapaciteit van 

patienten met een kieincel�ig longcarcinoom voor en tij dens chemotherapie 

geevalueerd (hoofdstuk 2). In een groep patienten met een kleincellig 

longcarcinoom werd het aantal kolonievormende eenheden (CFU 1 s) in beenc 

merg bepaald op verschillende tij dstippen, Hoewel CFU 1 s niet echt het C 

aantal stamcellen meten, is er ·wel een relatie tussen het aantal CFU 1 s in 

het beenmerg en de mogelij kheid om door dat beenmerg herstel van de 

hematopoiese te verkrijgen na potentieel beenmerg-ablatieve chemotherapie , 

Het aantal CFUc ' s  na de inductiechemotherapie was voldoende om op dat 

tijdstip beenmerg af te nemen en zonodig in te vriezen. Een groot voordeel 

van beenmergafname na de remissie-inductie is het verminderde risico van 

contaminatie met tumorcellen. 

In hoofdstuk 3 worden de resultaten samengevat van hoge-dosis 

chemotherapie 

systematische 

er slechts 

bij werkingen 

voor solide tumoren. In zij n algemeenheid is er niet een 

benadering geweest op dit gebied wat ertoe geleid heeft dat 

weinig gegevens uit de literatuur bekend zijn. Gegevens over 

van de verschillende middelen afzonderlijk zij n meestal wel 

bekend, maar combinatiebehandelingen zij n onvoldoende geevalueerd. Op 
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grand van de literatuurgegevens werden 2 middelen geselecteerd voor hoge

dosis chemotherapie bij patienten met een kleincellig longcarcinoom: 

cyclofosfamide en VP16-213. De bijwerkingen van hoge doses cyclofosfamide 

zijn bekend uit de literatuur; de bijwerkingen van hoge doses VP16-213 

zij n veel minder bekend en daarom werd er een fase-1-studie van hoge doses 

VP16-213 verricht (hoofdstuk 4). De dosis limiterende toxiciteit van deze 

behandeling was mucositis van de oropharynx; deze trad op na 3, 5 g/m2 • 

De hematologische 

mogelijk bestaande 

toxiciteit was ernstig, maar niet dosisafhankelijk . De 

dosis-respons relatie van VP16-213 wordt ondersteund 

door de respons gevonden bij patienten met mammatumoren en bij een patient 

met een adenocarcinoom. Dit adenocarcinoom was tevoren resistent geworden 

tegen standaard-dosis VP16-213 . 

In hoofdstuk 5 wordt de farmacokinetiek van hoge dosis VP16-213 

beschreven. VP16-213 werd 

electrochemische detectie. 

gemeten door middel van 

De plasmaconcentratiecurve 

HPLC 

toonde 

met 

een 

driefasisch beloop in de tijd met een erg langzame terminale fase. VP16-

213 wordt zeer sterk gebonden in het perifere compartiment. Het volume van 

het centrale compartiment varieerde van 7, 4-20, 1 l/m2 en het dis

tributievolume op het moment van de steady state varieerde van 3, 1-7, 8 

l/m2 • Relatief hoge concentraties werden gevonden in speeksel, gal, as

cites en urine. De totale lichaamsklaring varieerde van 12, 0-26, 7 

ml/min/m2 en 26, 2-53, 47. werd onveranderd uitgescheiden in de urine, 

8, 3-17, 37. als glucuronide. 

De respons, gezien in 2 patienten met kleincellig longcarcinoom met metas

tasen in het centrale zenuwstelsel, na hoge doses VP16-213 waren 

aanleiding om de penetratie van VP16-213 in de liquor te onderzoeken 

( hoofdstuk 6a). Bij alle patienten werd VP16-213 gevonden in de liquor, de 

concentraties waren laag, maar klaarblijkelijk wel hoog genoeg om effekt 

te sorteren tegen het kleincellig longcarcinoom. Een cis-isomeer van VP16-

213 werd gevonden in de liquor in een veel hogere concentratie dan in 

plasma, de betekenis hiervan is onduidelijk. De potentiele waarde van hoge 

dosis VP16-213 voor de zeer frequent voorkomende hersenmetastasen is 

ge1llustreerd in hoofdstuk 6b, hierin wordt een radiologisch complete 

remissie van hersenmetastasen gedurende 6 maanden beschreven. 

In hoofdstuk 7 warden de bijwerkingen van de combinatie van de twee meest 

geschikte middelen voor hoge dosis chemotherapie voor het kleincellig 

longcarcinoom geevalueerd. Het combineren van cyclofosfamide, 7 g/m2, en 
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VP16-213, 2, 5 g/m2, leidde tot onacceptabele toxiciteit, bij 2 van de 3 

patienten werd er ernstige mucositis gevonden. Bovendien overleden 2 van 

de oudere patienten gedurende de aplastische fase zonder een duidelijke 

verklaring voor hun dood. Het nut van deze behandeling voor met name 

oudere patienten is dan ook twijfelachtig. Bij de 11 overlevende patienten 

was er beenmergherstel binnen 4 weken na de beenmerginfusie. Twee 

patienten met minimale restanten van een ovariumcarcinoom waren langdurig 

ziektevrij na deze behandeling. 

Een belangrijke complicatie van hoge dosis chemotherapie is infectie 

gedurende de aplastische fase. Enkele aspecten van selectieve decon

taminatie van de tractus digestivus (SDD) bij deze patienten worden 

beschreven in . hoofdstuk 8. Ondanks adequate decontaminatie door niet

resorbeerbare middelen, was de infectie-frequentie hoog. Dit is mogelijk 

het gevolg van de intensiteit van de chemotherapie waardoor natuurlijke 

barrieres, zoals huid en slijmvlies, worden vernietigd. Om deze teleurstel

lende resultaten te verbeteren zal het nodig zijn SDD te geven door 

middelen met een meer systeem effect. 

In hoofdstuk 9 wordt de effectiviteit van de combinatie zoals beschreven 

in hoofdstuk 7 geevalueerd . Van 9 patienten met een progressief kleincel

lig longcarcinoom toonden 8 een respons, l patient overleed gedurende de 

aplastische fase . De respons-frequentie van dit regime is >50% en is 

mogelijk een waardevolle behandeling voor patienten in complete remissie 

na standaard-dosering chemotherapie. 

In hoofdstuk 10 zijn alle studies betreffende hoge dosis chemotherapie 

voor het kleincellig longcarcinoom, zoals tot nu toe gepubliceerd, 

samengevat. Gebaseerd op deze gegevens kunnen enkele konklusies worden 

getrokken: 

1. Hoge-dosis chemotherapie is niet beter dan standaard-chemotherapie . 

2 .  Tot nu toe zijn slechts 2 middelen, cyclofosfamide en VP16-213, ges

chikt voor hoge-dosis chemotherapie voor het kleincellig longcarcinoom. 

3. Hoge-dosis chemotherapie, na standaardinductie-chemotherapie ("late 

intensification") lijkt op dit moment de enige potentieel waardevolle 

benadering. 
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ALGEMENE CONCLUSIE . 

Het kleincellig longcarcinoom wordt sinds de beginjaren ' 70 behandeld met 

chemotherapie. De aanvankelijk zeer veel belovende resultaten hebben 

helaas nag niet geleid tot een drastische verbetering van de prognose. De 

laatste 10 jaar zijn de resultaten van de behandeling niet veranderd en 

nag steeds erg slecht bij het merendeel van de patienten. De onderzoekin

gen beschreven in dit proefschrift bevestigen deze algemene trend. De 

resultaten van hoge-dosis chemotherapie zijn mogelijk hoopvol, maar deze 

behandeling is waarschijnlijk alleen zinvol bij een kleine groep patienten 

met minimale resttumor. Hoewel de behandeling met hoge-dosis VP16-213 voor 

centraal zenuwstelsel recidieven belangrijk kan zijn, is het aantal 

patienten dat alleen daar recidiveert klein en zal het effect op de 

langdurige overleving van de grate groep patienten waarschijnlijk zeer 

gering zijn 

Voor het merendeel van de patienten met een kleincellig longcarcinoom zijn 

er nog geen nieuwe therapieen en de vooruitzichten zijn tot nu toe zeer 

somber. Toepassing van nieuwe diagnostische technieken zoals bijvoorbeeld 

monoclonale antilichamen gericht tegen het kleincellig longcarcinoom, en 

de studie van het in vitro gedrag van kleincellig longcarcinoom, kunnen 

mogelijk nieuw licht werpen op de aard van deze tumor . Het begrijpen van 

factoren die de groei, de ontwikkeling van resistentie en de metastasering 

beinvloeden zal consequenties hebben voor toekomstige 

behandelingsstrategieen. In de tussentijd moet alles in het werk gesteld 

worden om de rookgewoonten van met name de jongere bevolkingsgroep te 

veranderen. Voor de grate groep patienten die al een kleincellig longcar

cinoom heeft is het belangrijkste doel van de behandeling op dit moment 

verbetering van de levenskwaliteit , 
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