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Stellingen 

behorende bij het proefschrift van E.F. Smit 

1. Het bereiken van hoge leeftijd is een risicofactor voor inadequate behandeling 

van het (bronchus-)carcinoom. 

2. Carboplatin is een nefrotoxisch cytostaticum. 

3. Om de effectiviteit van tweede lijns chemotherapie op juiste waarde te schatten 

dient het begrip tumorresistentie ook klinisch, dat wil zeggen operationeel, 

gedefinieerd te warden. 

4. Continue infusie van carboplatin vergroot de therapeutische index van dit 

cytostaticum. 

5. Cellijnen zijn door hun genetische instabiliteit slecht bruikbaar voor het 

voorspellen van door cytostatica geinduceerde tumorrespons in de individuele 

pati�nt. 

6. Hersenmetastasen van een kleincellig bronchuscarcinoom dienen te worden 

opgevat als uiting van een systematische ziekte. In deze situatie is systemische 

behandeling meer op haar plaats dan lokale behandeling. 

7. Het bereiken van een "complete response" is een overschatting van de (chemo-) 

therapeutische mogelijkheden bij de behandeling van longcarcinomen. 

8. Promovendi promoveren promotores et vice versa. 

9. I never fully understood how these cells managed to gain access into the CNS, and 

then after getting themselves in, relocked the door to prevent access to chemotherapy. 

(Andrew T. Turrissi. J.Clin.Oncol. 8:19�199, 1990) 

10. Het verdient aanbeveling de tenn milieutechnologie te vervangen door vuilnisbelt­

technologie. 

11. Men kan niet tegelijkertijd mensen genezen en alles begrijpen. Laten we daarom zo 

vlug mogelijk genezen. Oat heeft het meest haast (In: De pest, Albert Camus) 

12. Er bestaat evenredige relatie tussen de mate van eiwitbinding van platinumderivaten 

en de door deze derivaten veroorzaakte nefrotoxiteit na intraveneuze toediening. 

13. De effectiviteit van langdurige toediening topoisomerase II remmers, zoals etoposide, 

dient te worden getest in tumoren met een lage mitotische index. 
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VOORWOORD 

Dit proefschrift is tot stand gekomen binnen het samenwerkingsverband van de onderaf­
deling Longziekten (Hoofd: Prof. Dr. G.H. Koeter) en de Werkgroep Inteme Oncologie 
(Dr. D.Th. Sleijfer, Dr. N.H. Mulder) van de afdeling Inteme Geneeskunde (Hoofd: Prof. 
Dr. G.K. van der Hem) van het Academisch Ziekenhuis te Groningen. 

Mijn promotores Prof. Dr. G.H. Koeter en Prof. Dr. G.K. van der Hem wil ik bedanken 
voor de beoordeling van dit proefschrift. Zander de hulp en steun van mijn referenten was 
het beschreven onderzoek niet tot dit stadium gekomen. Hen ben ik dan ook de meeste 
dank verschuldigd. Dr. P.E. Postmus, mijn mentor in de klassieke zin van het woord, Dr. 
E.G.E. de Vries, voor haar aanstekelijk enthousiasme waarmee zij mij kennis liet maken 
met het laboratorium en Dr. N.H. Mulder, voor het richting geven aan het in vitro gedeelte 
van het onderzoek. 

Dr. D.Th. Sleijfer wil ik bedanken voor de snelle en plezierige wijze waarop de samen 
met hem geschreven stukken van verhelderend commentaar werden voorzien. 

In het "lab Ho" bracht ik met genoegen vele uren door. Hetty Timmer-Bosscha en 
Coby Meijer hebben met geduld van mijn twee linker handen een tot op zekere hoogte 
bruikbaar instrument gemaakt. Zij waren onmisbaar voor het laboratoriumgedeelte van 
dit proefschrift. Phuong Le en Gert Jan Meersma isoleerden talloze leukocytensuspensies 
en hadden dus een aandeel in hoofdstuk 8. 

Het personeel van het laboratorium van de Apotheek A.Z.G. (Dr. D.R.A. Uges) liet 
mij kennis maken met de pharmaceutische analytische praktijk. De discussies en samen­
werking met Ing. P. Bouma, J. Ymker en H. Bloemhof heb ik als zeer prettig ervaren. 
Samen met Hans Roelevink en Geertje Klok waren zij verantwoordelijk voor de platina 
bepalingen. 

Zonder Dr. S. Meijer en Alie Drent-Bremer waren de nierfunctiebepalingen beschre­
ven in de hoofdstukken 5 en 8 niet tot stand gekomen. 

Dr. P.H.B. Willemse en Dr. H.H. Berendsen dank ik voor de vele keren dat ik hun ken­
nis toe kon passen in de poliklinische patientenzorg. B. Oosterhuis was onmisbaar voor 
de begeleiding en instructie van patienten beschreven in de hoofdstukken 3, 8 en 9. 

Buiten het terrein van het A.Z.G. was er de plezierige samenwerking met Dr. P.M.A.B. 
Terheggen (Ned. Kanker Instituut, Afd. Chemische Carcinogenese, hoofd: Prof.Dr. L. den 
Engelse) voor het meten van de platina-DNA adducten (hoofdstuk 8) en Dr. D.E.M.M. 
Vendrig (Faculteit Farmacie, Utrecht) voor de plasma vindesine bepalingen (hoofdstuk 9). 

Alie andere mede auteurs dank ik voor hun kritische en aktieve hulp bij de voorberei­
ding en afronding van de verschillende "stukken". In dit kader past ook de secretariele 
ondersteuning van mevr. W.J.A. Bruins-van der Weij en H. Bosma. 

Klinisch onderzoek kan het noodzakelijkerwijze niet stellen zonder patienten. Op deze 
plaats wil ik alle patienten die beschreven staan in dit proefschrift bedanken voor hun 
medewerking. 



De behandeling van hen vond plaats op de poliklinieken longenoncologie en interne 
oncologie. Het verpleegkundig en registratie personeel van deze poliklinieken dank ik 
voor de mede door hen gecreeerde prettige werksfeer. Ook het personeel van de verpleeg­
afdeling BI van de lnterne Kliniek droeg hiertoe bij. 

Ik prijs me gelukkig dat ik mijn kamer mocht delen met een aantal "brothers in arms"; 
drs. B. Biesma, drs A. Nanninga en drs A. Cats. Zij tolereerden mijn gedrag op de minder 
leuke en mooie momenten die elke onderzoeker kent. Drs. S. de Jong droeg gevraagd en 
ongevraagd ideeen aan voor het in vitro gedeelte van dit proefschrift. 

Tisna gaf mij de rust en steun aan dit proefschrift te werken. 



INTRODUCTION 

Lung carcinoma is the main cause of cancer related deaths among the male population in 

The Netherlands. In females this carcinoma is only surpassed by breast and colon cancer. 

In The Netherlands in 1987, 8.500 persons died due to lung carcinoma (1 ). It is anticipated 

that despite government-installed preventive measures -including stop-smoking pro­

grams- the number of persons suffering from lung cancer will continue to rise in the near 

future (2,3). The results of all therapeutic modalities for lung cancer have reached a pla­

teau for many years with about 10% overall cure ( 4). For therapeutic reasons, lung cancer 

is generally divided into small cell lung cancer (SCLC) and non-small cell lung cancer 

(NSCLC). For NSCLC surgery is the only curative modality for patients without demon­

strable metastatic disease (5). For SCLC, which comprises 20-25% of all cases, combina­

tion chemotherapy forms the cornerstone of therapy with the vast majority of patients 

responding to therapy with prolonged survival and a small percentage of cures. While 

SCLC is responsive to chemotherapy, NSCLC is only moderately resportsive to such the­

rapy (6). Although much knowledge has been gathered on the biology of lung cancer, this 

basic research did not, however, result in improved survival of patients treated by chemo­

therapy for lung cancer (7). The failure of chemotherapy to cure lung cancer patients is 

basically a problem of drug resistance. Several resistance mechanisms have been disco­

vered in the recent years. The most widely studied form is the so called pleiotropic drug 

resistance (PDR) (8). PDR has emerged as a consistent mechanism of resistance for sever­

al structurally unrelated cytotoxic agents in cancer cells. Resistance seems to be caused 

by a decreased intracellular drug concentration, caused by an increased efflux pump. This 

efflux pump can be antagonated in vitro by calcium antagonists. It has become clear that 

reversal of resistance mediated by the PDR-phenotype is in some cases possible in the cli­

nic (9, 10). PDR however, seems to play little or no role in lung cancer ( 11 ). Resistance 

mechanisms which have been identified in vitro in lung cancer cell lines include enhanced 

DNA repair capacity and altered drug-topoisomerase interactions (12). For these and 

other drug resistance mechanisms it has by no means been elucidated whether they can be 

circumvented by sophisticated measures in the near future. 

How then can the fate of patients with this common malignancy be influenced positi­

vely? Until now, the only way to improve treatment results, as far as response rates are 

concerned, is by dose intensification of the chemotherapy. The use of haematopoietic 

growth factors might in the near future facilitate such regimen (13). The subgroup of 

patients suffering from lung cancer with "favorable" prognostic features are probably tho­

se who are able to withstand more aggressive forms of chemotherapy. This small group 

includes patients with stage IIIA NSCLC and limited disease SCLC. On the other hand a 

considerable group of patients remains that is unlikely to benefit enough from treatment 

intensification to justify its inherent toxicity. These are patients with metastatic NSCLC, 

elderly SCLC patients, patients with extensive disease SCLC and patients with a relapse 

of SCLC. Therefore, for the majority of patients with lung cancer the main goal of treat-



ment will be adequate palliation. Improvement in the fate of these patients should be 
sought in amelioration of side effects of treatment ideally with preservation of present 
days response rates. In this thesis several attempts are described to achieve this goal. The 
aims of the study were to establish chemotherapy regimen for such patients with equal 
anticancer activity but less toxicity (chapters 1-7), to reduce toxicity by manipulating the 
pharmacology of cytotoxic drugs (chapters 8,9) and in vitro (pretreatment) selection of 
patients who are most likely to benefit from cytotoxic treatment (chapters 10, 11 ). 

Chapter I reviews aspects influencing treatment outcome of elderly patients suffering 
from cancer, with special emphasis on SCLC. 

In chapter 2 the results of a phase II study with a potentially less toxic regimen for 
elderly patients with SCLC are reported. 

The congener of etoposide, teniposide, may have more efficacy against SCLC (14). 
Because of the known schedule dependency of its activity it is attractive to use a regimen 
with multiple daily infusions. If given as an out-patient treatment, this is rather troubleso­
me for most patients. A way to overcome this inconvenience is the substitution of the 
intravenous drug by an oral preparation. In chapter 3 the results of a phase I study of oral 
teniposide are described. 

Brain metastases are a frequent complication in the clinical course of SCLC ( 15). For 
decades whole brain radiotherapy has been considered to be the standard treatment in this 
situation. However, side effects of brain irradiation are considerable and survival in these 
patients remains very short. Furthermore, most patients will also need systemic treatment 
for synchronous extra-cranial tumor progression. Based on the experience of our own 
group ( 16, 17), we conducted a phase II study of single agent teniposide (intravenous) in 
patients with brain metastases of SCLC (chapter 4). 

One of the most widely used drugs for lung cancer is cisplatin, also probably the most 
toxic cytostatic drug in standard regimen. One of the new analogues of this drug -carbo­
platin- is promising for the treatment of lung cancer. Carboplatin was selected for clinical 
use because of its presumed lack of nephrotoxicity (18). Chapter 5 and 5a evaluate the 
nephrotoxicity of carboplatin in IO patients with lung cancer. 

Cisplatin is often used in second line regimen for SCLC patients relapsing after induc­
tion chemotherapy. In chapter 6 this potential application of a carboplatin containing regi­
men was tested. 

Chapter 7 contains the results of a phase II study using the same drug combination in 
patients with NSCLC. 

Continuous infusion may be a way to enhance the therapeutic index -more efficacy 
and less toxicity- of cytotoxic drugs. In addition there are several theoretical advantages 
of this mode of drug administration compared to bolus infusion with regard to antitumor 
action, especially in solid tumors ( 19). Chapter 8 provides details of a phase I and phar­
macokinetic study of continuous infusion of carboplatin for 21 days. 

Vindesine is arguably one of the most active drugs in NSCLC. In chapter 9 a similar 
study with vindesine is described. 

2 



Currently (second line) chemotherapy for lung cancer is given on a trial and error base. 
A major step forward would be the selection of patients for treatment after in vitro che­
mosensitivity testing. This would constitute a way to tailor a patient's therapy individually 
and thereby avoiding unnecessary toxicity of chemotherapy. We investigated if the in 

vitro response of small cell lung cancer cell lines to cytotoxic drugs correlates with the cli­
nical data of the patients they were derived from (chapter 10). 

A prospective study of predictive testing in vitro on fresh human lung cancer biopsies 
is the subject of chapter 11. 

The results of our studies are summarized in chapter 12 and potentially new directions 
are discussed. 

REFERENCES 

I. Coebergh JWW. Epidemiologie van kanker. In: Grobbee DE, Hofman A. (red). 

Epidemiologie van ziekten in Nederland. Utrecht, Bunge, 1989; 124-140. 

2. Verbeek AML, Peeters PHM, Stunnans F. Is de top van de longkanker-epidemie in Nederland 

in zicht? Ned T Geneesk. J 29:2365-2369, 1985. 
3. Brown CC, Kessler LG. Projections of lung cancer mortality in the United States 1985-2025. 

J. Natl. Cancer Inst. 80:43-5 I, I 988. 

4. Stjemsward J, Stanley K. Lung cancer - a world wide health problem. Proc. 5th world confe­

rence on lung cancer 1988:p 11-14. 

5. Mountain C. Therapy of stage I and II non-small cell lung cancer. Semin. Oncol. I 0:71-75, 

1983. 

6. Minna JD, Pass H, Glatstein E, Ihde DC. Cancer of the lung. In: De Vita VT, Hellman S, 

Rosenberg SA (eds). Cancer. Principles and practice of oncology. 3rd ed. Philadelphia, J.P. 

Lippincott Inc., 1989: 591-705. 

7. Beck LK, Kane MA, Bunn PA. Innovative and future approaches to small cell lung cancer 

treatment. Sem. Oncol. 15:300-314, I 988. 

8. Rothenberg M, Ling V. Multidrug resistance: molecular biology and clinical relevance. J. 

Natl. Cancer Inst. 81 :907-910, I 989. 

9. Dalton WS, Grogan TM, Meltzer PS, Scheper RJ, Durie BGM, Taylor CW, Miller TP, 

Salmon SE. Drug resistance in multiple myeloma and non-hodgkin 's lymphoma: detection of 

P-glycoprotein and potential circumvention by addition of verapamil to chemotherapy. J. 

Clin. Oncol. 7:415-424, 1989. 

JO. Fojo T, McAtee N, Allegra C, Bates S, Mickley L, Keiser H, Linehan M, Steinberg S, Tucker 

E, Goldstein L, Gottesman MM, Pastan I. Use of quinidine and amiodarone to modulate mul­

tidrug resistance mediated by the mdrl gene. Proc. ASCO:262, 1989. 

11. Lai SL, Goldstein LJ, Gottesman MM, Pastan I, Tsai CM, Johnson BE, Mulshine LJ, Ihde 

DC, Kayser K, Gazdar AF. MORI gene expression in lung cancer. J. Natl. Cancer Inst. 

81: I 144-1150, I 989. 

12. Zijlstra JG, de Vries EGE, Mulder NH. Multifactorial drug resistance in an adriamycin-resi­

stant human small cell lung carcinoma cell line. Cancer Res. 47: I 780-1784, I 987. 

13. Bronchud MH, Scarffe JH, Thatcher N, Crowther D. Phase I/II study of recombinant human 

granulocyte colony-stimulating factor in patients receiving intensive chemotherapy for small 

cell Jung cancer. Br. J. Cancer 56:809-813, 1987. 

3 



14. Bork E, Hansen M, Ersbol J, Dombemowsky P, Bergmann B, Hansen HH. A randomized stu­
dy of teniposide (Vm-26) versus Vepeside (Vp-16) as single agents in previously untreated 
patients with small cell lung cancer (SCLC) >70 years. Proc. ASCO, 890, 1989. 

15. Newman SJ, Hansen HH. Frequency, diagnosis, and treatment of brain metastases in 249 con­
secutive patients with bronchogenic carcinoma. Cancer 33:492-496, 1974. 

16. Postmus PE, Haaxma-Reiche H, Vencken LM, Meinesz AF, Sleijfer DTh, Mulder NH. 

Remission of brain metastases from small cell lung cancer after high-dose chemotherapy. 
Ann. Intern. Med. 101:717, 1984. 

17. Postmus PE, Haaxma-Reiche H, Sleijfer DTh, Kirkpatrick A, Mc Vie JG, Kleisbauer JP & the 
EORTC Lung cancer cooperative group. High dose etoposide for brain metastases of small 
cell lung cancer. A phase II study. Br. J. Cancer 59:254-256, 1989. 

18. Harrap KR, Jones M, Wilkinson CR, Clinck HM, Sparrow S, Mitchley BCV, Clarke S, 
Veasey A. Antitumor, toxic and biochemical properties of cisplatin and eight other platinum 
complexes. In: Cisplatin current status and new developments. Prestayko AW, Crooke ST, 
Carter SK (eds). Academic Press, London 1980: 193-212. 

19. Vogelzang NJ. Continuous infusion chemotherapy: a critical review. J. Clin. Oncol 2:1289-
1304, 1984. 

4 



Chapter 1 

SMALL CELL LUNG CANCER IN THE ELDERLY. 

FACTORS INFLUENCING THE RESULTS OF 

CHEMOTHERAPY: A REVIEW 

E.F. Smit, P.E. Postmus, D.Th. Sleijfer 
Department of Pulmonary Diseases and Department of Internal Medicine, 

Division of Medical Oncology, University Hospital Groningen, The Netherlands. 

INTRODUCTION 

As one ages, the risk of the development of malignant disease rapidly increases, resulting 
in a disproportionately higher frequency of the occurrence of cancer in the elderly popu­
lation. Indeed, more than 50% of all cancers are diagnosed in patients over the age of 
65 years, despite the fact that this group compromises only 10% (USA) - 1 5% (The 
Netherlands) of the population at large. In most western countries the number of persons 
in this age category is still increasing and it is predicted that by the tum of the century 
about 20% of the population will be older than 65 years ( I, 2). 

The incidence of most cancers increases sharply with age, and lung cancer appears to 
be no exception to this rule (3-6). For example, among male lung cancer patients in The 
Netherlands 61 % were 65 years or older and 21 % were more than 75 years of age at the 
time of diagnosis. For females these figures were 45% and 1 5%, respectively. Also, the 
incidence of lung cancer will continue to increase in the near future, although in some 
industrialized countries in males the incidence in the younger age groups is falling 
(3, 8, 9). 

The incidence of all histologic types of lung cancer peaks at 70-74 years of age for 
males and at 65-69 years for females (9). About 25% of these patients have a clinically 
distinct form of lung cancer, namely small cell lung cancer (SCLC) (10). The incidence 
of this most rapidly progressive form of lung cancer seems to have increased during the 
last decades (1 1 -14  ) . 

SCLC is sensitive to a wide range of chemotherapeutic agents and chemotherapy has 
extended survival four- to fivefold (9). However, definite cure is rare ( 1 5) because in most 
initially responding patients the tumor relapses and causes death within several months 
after the start of chemotherapy. Mostly, with chemotherapy in SCLC, the best that can be 
obtained is a temporary relief of symptoms and therefore for most patients it is a palliative 
form of therapy. This has to be weighed against the detrimental effects of cytostatic treat­
ment ( 1 6). Apparently, the balance between potential benefits and predictable side effects 
of treatment in elderly patients is such that physicians tend to offer the elderly patient with 
cancer fewer options for cytostatic treatment ( 17-20). According to Longo and Carbone 
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(21) this is caused by "a prejudice that the older patient is less able to tolerate the stresses 
of chemotherapy". 

In this review we will discuss some aspects of chemotherapy in elderly patients with 
cancer, with special emphasis on SCLC. 

2. CANCER, AGE AND PROGNOSIS 

One of the.key questions for a therapeutic decision concerning treatment of cancer in the 
elderly is whether age by itself is an adverse prognostic factor of survival. For some solid 
tumors, such as breast cancer, melanoma and thyroid cancer, survival declines with age 
(22), but most studies of prostatic cancer indicate that age is not a determinant of progno­
sis (23). 

Whether age has a negative influence on survival of lung cancer patients in general is 
a matter of debate. Rossing et al (24) analyzed records of over 6000 patients with lung 
cancer. For the poorly defined subgroup of anaplastic tumors - including large cell carci­
nomas - age below 45 years was associated with significantly greater survival probabili­
ties than for patients older than 55 years. Also, for adenocarcinomas and squamous cell 
carcinomas a survival advantage for patients of 45 to 54 years was seen compared to older 
patients (> 55 years), but not to patients younger than 45 years. Lanzotti et al (25), com­
paring 428 inoperable lung cancer patients, including 55 SCLC patients, saw that exten­
sive disease (ED) patients older than 70 years had a significant worse median survival 
time (MST) regardless of histologic subtype. This was contradicted by the study of Coy 
et al (26). Using Feinstein's index age was not related to survival in 1271 unresected lung 
cancer patients. 

2.1. Small cell lung cancer, age and prognosis 

For SCLC also conflicting data in the literature are found. In a recent study, Poplin et al 
(27) compared 49 patients older than 65 years to 164 patients younger than 65 years. 
There were no significant differences between patient characteristics, although in the 
older age group the median performance status was slightly worse. The results showed 
that patients older than 65 years with either limited disease (LD) or ED had MST equal to 
their younger counterparts. Surprisingly, the youngest ( < 55 years) patients with LD had 
shorter MST compared to older patients with LD. No such difference could be found for 
ED. 

In contrast, in a series of 224 SCLC patients, Maurer et al (28) found the MST for the 
28 patients older than 70 years to be less than half the MST of the patients younger than 
70. This was caused by a much lower complete response (CR) rate for LD patients in the 
elderly, as MST of complete responders was not affected by age. 

Several authors addressed the issue of age and survival in SCLC in various analysis 
models. In the largest series published today, Osterlind et al (29) analyzed prognostic fac­
tors in 778 patients with SCLC with an upper age limit of 70 years. Age was a negative 
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prognostic factor in ED, but not in LD. However, in the first group of 214 patients reported 

by the same group (30) no such influence of age was seen. In the study of Feld et al (31) an 

adverse influence of age was seen. In 300 patients ranging from 35-80 years, younger age 

improved survival in a multifactorial model. 

Ihde et al (32) found that age had no discemable association with survival in a group of 

106 SCLC patients, with 16 older than 65 years. Also, Edmonson et al (33), Vincent et al 

(34) and Souhami et al (35) found age unrelated to prognosis in SCLC. Although published 

in abstract form only, Feld et al (36) noted that age had no significant influence on prognosis 

in a series of 480 patients. Finally, Kelly et al (37) compared a selected group of 34 patients 

older than 65 years (with 28 > 70 years) to 62 patients below 65 years, both groups receiving 

the same treatment. No difference in MST among the groups was seen. 

As MST need not necessarily reflect long term survival (LTS) (38), it may be that elder­

ly patients do not reach two or even five year survival as often as younger patients. Again, 

no conclusive statement can be made from the available literature. Johnson'(39) reported on 

14 patients alive after 5-11 years after treatment. Age did not differ significantly in LTS 

when compared to the 238 non-survivors. Niiranen et al (40) noted that the age of the 19 five 

year survivors was comparable with the whole study population (1019 patients). These 

results were contradicted by the extensive analysis of Osterlind et al ( 41) of 815 patients 

< 70 years. At eighteen months disease free survival age > 60 years was a negative pretre­

atment characteristic in ED. In a subsequent report ( 42), in 211 patients with CR (112 

> 60 years) high age had a negative influence on response duration in ED. Both these obser­

vations held not true for LD in their material. 

Maurer et al (28) saw no LTS in the older age group. Although long term survivors were 

predominantly younger than 60 years, this difference was not significant. Sierocki (43) 

noted a slightly younger median age, 54 versus 60 years, in the group of patients surviving 

for more than 12 months after initiation of treatment. 

A realistic estimate of the effect of age per se on the prognosis of elderly patients with 

SCLC is hampered by several factors. First, extent of disease, initial performance status and 

weight loss are the main determinants of survival (44). Second, because patients > 70 years 

have often been and still are excluded from clinical trials, for this group of patients inferen­

ces hardly can be made. Finally, because in all studies data from patients already accepted 

for treatment are analyzed retrospectively, by this approach a bias concerning elderly 

patients may have been introduced. This is supported by the observation that the elderly 

patient with cancer tends to be underrepresented in chemotherapeutic trials compared to 

epidemiologic data ( 17, 20, 45). Therefore, systematic selection in favour of elderly patients 

without other well-known adverse prognostic features may be present in these studies. 

On the other hand, several factors may influence survival in elderly patients with SCLC. 

As the prevalence of chronic diseases rises with age, many of these patients also suffer from 

intercurrent and concurrent medical problems. These will certainly compromise the 

patient's ability to withstand the effects of cancer and treatment interventions. To date it is 

not known if an elderly patient with SCLC who is not suffering from such medical compli­

cations has the same prognosis after treatment as younger patients. 
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3. AGE AND TUMOR BIOLOGY 

Also, there might be a difference in biological behaviour of certain tumors with ageing. 
In general, tumors tend to be as localized in younger as in old patients (22). Cervix and 
colon carcinomas are more likely to be advanced with increasing age (23). Interestingly, 
for lung carcinoma there seems to be an inverse relationship between stage of disease and 
age ( I 0, 46, 47). In the recent study of Teeter et al (10) the trend towards a more localized 
disease for females was small and significant only for squamous cell carcinoma. In males 
significant trends were noted for all histological types, except for large cell carcinoma. 
The proportion of localized disease increased with increasing age from 21 % in the youn­
gest (40-49 years) group to 44% in the 80+ age group. Again, squamous cell carcinoma 
displayed the most obvious trend (25 versus 55% ), but also for SCLC significant differen­
ces were found. One explanation for this finding, as indicated by the authors, could be 
provided by incomplete staging procedures. In bronchial carcinoma complete staging 
often requires surgical procedures which physicians may tend to avoid in elderly. 
However, if such a relationship in fact exists, it is of particular interest because extent of 
disease of SCLC is strongly predictive for survival: patients who present with ED have 
less chance to achieve CR on chemotherapy (48, 49) and consequently will have a decre­
ased MST compared to patients with LD. 

One might expect the probability to present with a lower tumor burden to be a favou­
rable factor towards a better prognosis. However, a review of SWOG data (50) showed a 
statistically significant higher frequency of CR in patients with LD who were < 55 years 
of age. Survival was not analyzed by age. This finding was confirmed by the study of 
Maurer (28); patients > 70 years with LD tended to have a lower CR rate. No such diffe­
rence could be found for ED patients in which equal response rates were found. In con­
trast, Poplin et al (27) found lower CR rates in patients younger than 55 years with LD 
compared to patients > 65 years with LD (CR proportion 0.41 versus 0.7S). For ED these 
figures were 59 versus 40%. Harper et al (49) found a consistent relationship between int­
rathoracic tumor size and response rate when analyzed according to disease extent and 
age. Also, in the study of Osterlind et al (42) age had no influence on probability to reach 
a CR in either LD or ED. 

4. AGE AND SENSITIVITY TO CHEMOTHERAPY 

Another aspect of biological behaviour of tumors is sensitivity to chemotherapy; it 
might be possible that tumors in elderly patients are not as sensitive to chemotherapy as 
tumors in younger patients are (or vice versa). Striking evidence has been seen for the 
negative effect of age on response in Hodgkin's disease (51 ). As stated above, for SCLC 
conflicting data exist. Intercurrent disease seems to have no effect on tumor responsive­
ness in either Hodgkin's disease (51) or SCLC (52). 
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Age over 70 years often is an exclusion criterium �or entry in disease oriented phase 
II and III studies. Therefore, activity of commonly used cytotoxic agents or combinations 
of these agents are not fully delineated in elderly patients with SCLC. Only a few studies 
report on this subject (53-56) (Table I). The results of these studies show similar response 
rates in elderly patients as can be achieved in young patients, and a comparable MST, 
except for the study of Gatzemeier et al (56), in which only a 30% response rate was seen. 
However, in these studies single agents or two drug regimen have been administered, 
often with epipodophyllotoxin derivates. No information is available for other agents in 
this respect. 

Table I. Results of phase II studies in elderly patients (> 70 years) with SCLC. 

Author 

Allan et al. 

Bork et al . 
Smit et al. 
Gatzemeier 

Ref. 

53 

54 
55 
56 

*VP- 1 6  = Etoposide 
VM-26 = Teniposide 

Regimen 

Vindesine 3 mgfm2 

VP 1 6-2 1 3• 1 20 mg/m2 x 3 
VM-26* 60 mgfm2 x 5 
VP 16-2 13* 800 mgfm2 

4-Epirubicin 25 mg/m2 weekly 

5. AGE AND TOXICITY OF CHEMOTHERAPY 

5.1. Theoretical considerations 

Response rate Med.survival 

72% 8 months 

90% 8+ months 
76% 9 months 
30% 1 5+ months 

(responding 
pis). 

Concerns about increased toxicity of chemotherapy in elderly patients may in part explain 
why physicians withhold this fonn of therapy from them. Apart from physical, psycholo­
gical and socio-economic factors which often interfere with the ability to obtain and to 
comply with health care, increased toxicity of cytotoxic agents may be due to age related 
changes in pharmacokinetics and -dynamics. Especially for drugs with a narrow therapeu­
tic index such as cytotoxic agents these changes may easily lead to enhancement of side 
effects. In the recent years several authors have addressed this subject (57-62), and some 
aspects will be outlined below. 

A. Absorption may be altered by physiological changes in old age, such as increased 
gastric pH and decreased splanchnic blood flow. No information is available with regard 
to this item as related to cytotoxic drugs. 

B. Volume of distribution is very likely to be altered as a relative increase of body fat 
occurs with ageing (63). In this situation, lipophilic drugs will have an increased volume 
of distribution, whereas it may become smaller for hydrophylic drugs. Together with a 
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decreased clearance the latter may in part explain why a hydrophilic drug such as doxo­
rubicin produces more cardiotoxicity in some elderly patients (64-66). 

C. Metabolism of drugs occurs primarily in the liver. This complex process can be 
divided in oxidative and conjugative transformation. These two enzymatic pathways are 
not uniformly affected by ageing (58, 67); oxidation decreases with age, obviously more 
in men than in women, whereas for conjugative processes no changes with ageing are 
seen. Also, hepatic mass and hepatic blood flow decline up to 40% with age. 

D. Clearance by the kidney is a function of renal blood flow, glomerular filtration and 
tubular secretion. All these parameters decrease with ageing; glomerular filtration rate 
declines about 35% between ages 20 and 90 years (68). This accounts for the most defini­
tely proven pharmacokinetic deficiency in the elderly. Accordingly, drugs that depend pri­
marily on clearance by the kidney must be handled with caution. The increased ototoxi­
city of cisplatin, bone marrow toxicity of methotrexate and pulmonary toxicity of bleo­
mycin in some elderly (69) can be �xplained by decreased renal function. 

E. End-organ sensitivity. Although not supported by experimental data, elderly 
patients are believed to respond more pronounced to some drugs as younger adults. 
Pharmacokinetic changes as mentioned above, can only partly explain these differences 
(70) suggesting that elderly patients are more sensitive to the pharmacologic action of the 
drug. No information is available on the effect, if any, of age on end organ sensitivity to 
chemotherapeutic agents. 

F. Although there is still controversy on whether or not effects of co-medication and 
drug-drug interactions occur more frequently in the elderly, clearly they are more at risk 
because of the larger number of drugs they take (7 1 ). Drug-drug interactions may occur 
in elderly patients with cancer, resulting in either augmentation or decrease of pharmaco­
logic activity. Some of these interactions of commonly used drugs in SCLC are listed in 
Table II (72-82). It should be noted that none of these interactions definitely have been 
proven. 

The above mentioned changes in pharmacodynamics and kinetics may result in an 
altered area under the plasma concentration versus time curve (AUC), as this parameter 
is defined by dose/total body clearance. It reflects the total exposure of the body to a given 
drug and is therefore the major determinant of biological effects of cytotoxic drugs. There 
have been no direct studies on the effect of age on the pharmacokinetics of either orally 
or parenterally administered cytotoxic drugs. However, one might speculate that as total 
body clearance is very likely to be reduced in elderly persons the net result will be a higher 
AUC, hence higher toxicity (61 ). An additional contributing factor to enhanced drug toxi­
city may be reduced organ reserve. Although the capacity of the bone marrow to regene­
rate following cytotoxic therapy is retained with ageing (2 1 ), the declining bone marrow 
cellularity (83) renders the old patient less tolerant for a given drug dose (84). B-lympho­
cyte and T-lymphocyte function both decrease with advanced age, maybe making elderly 
patients more susceptible to septic complications of myelosuppressive chemotherapy as 
suggested by Armitage et al (85). Mucosa[ injury of the gastro-intestinal tract and its per­
sistence could lead to increased endogenous infectious morbidity and mortality in older 
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patients, resulting from a variety of factors, including less effective repair mechanisms 
(86). 

Table II. Drug-drug interactions of some commonly used cytostatic agents in SCLC. 

Drug Interacting drug(s) Effects Ref. 

Doxorubicin Barbiturates Increased plasma clearance (72) 
of doxorubicin 

Digoxin Decreased gastrointestinal (73) 

absorption 

Cyclophosphamide Decreased plasma clearance (74) 

of doxorubicin 

Alleged enhanced cardiotoxicity (75) 

Warfarin Excessive hypoprotrombinemia (76) 

Cyclophosphamide Digoxin Decreased gastrointestinal (73) 

absorption 

Chlorpromazin Increased pharmacologic action (77) 
of cyclophosphamide 

Corticosteroids Inhibition of bioactivation of (78) 

cyclophosphamide 

Clinical consequences ? (79) 

Thiazide-diuretics Increased myelosuppression (80) 

Cimetidine Increased exposure to cyclo- (8 1 )  

phosphamide 

Etoposide Warfarin Excessive hypoprotrombinemia (82) 

Vincristine Digoxin Reduced digoxin serum levels (73) 

due to reduced gastrointestinal 

absorption 

5.2. Clinical practice 

Retrospective studies examining toxicity to chemotherapy, have generally yielded con­
flicting results. Begg et al (87, 88) reported on toxicity in elderly patients treated on 
various ECOG protocols for 7 primary sites including lung cancer. With the exception of 
methyl-CCNU and methotrexate, which caused a significant greater incidence of haema­
tological toxicity, no increase in frequency or severity of toxicity in elderly patients was 
found. Although the authors specifically stated that no selection of elderly patients in 
respect to important prognostic features had occurred, one cannot exclude this possibility. 
The patient population was selected in terms of protocol eligibility criteria requiring nor­
mal renal, hepatic and cardiovascular function. Therefore, the sample might not be repre­
sentative of the elderly population in general. Poplin et al (27) reviewed toxicity of several 
CDE (Cyclophosphamide, Doxorubicin and Etoposide) containing protocols and of 
patients not eligible for these protocols but also treated with this regimen. There were no 
age restrictions, thus meeting some of the above mentioned objections. Haematological 
toxicity was significantly enhanced in patients > 65 years. Also, hospital admissions for 
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neutropenia associated febrile episodes were more frequent in the older age groups, despi­
te dose adjustments in subsequent courses. Out of 29 sudden and toxic deaths IO occurred 
in patients over 65 years, as opposed to 5 in patients < 55 years. Sepsis contributed signi­
ficantly to death in 16 patients. However, when death from all causes was evaluated, ini­
tial poorer performance status but not age was significant in predicting sudden/toxic 
death. Remarkable difference in toxicity of single agent VM-26 in elderly patients with 
SCLC was reported by two authors. Bork et al (54) saw virtually no toxicity in a group of 
33 patients with 27 older than 70 years. Using an identical regimen Cerny et al (89) treated 
30 patients with a median age of 73. Nine patients died during the first cycle of chemo­
therapy, five of documented sepsis. Response rates were also quite different; 90% vs. 
48%. The only major difference between the two groups was the inclusion of seven 
patients with ECOG performance status 3 in the study of Cerny, whereas Bork excluded 
these patients. Apart from the latter, no satisfactory explanation for this marked difference 
in toxicity could be provided. 

6. SUMMARY AND CONCLUSIONS 

The increasing proportion of elderly persons in the population at risk, poses new problems 
in cancer management. Unfortunately, in the past these problems have not been studied to 
the extent as they have in younger patients. From the available data in the literature it is 
not certain whether high age is an adverse prognostic feature, especially in SCLC, either 
in terms of survival or tumor responsiveness. Also it is not likely, despite theoretical con­
siderations, that all elderly patients are more prone to suffer from side effects of cytotoxic 
therapy. Apart from improving the therapeutic index of systemic anti-cancer therapy (90) 
in general, clearly more research is needed in the field of chemotherapy for elderly 
patients with cancer. The first step should be to systematically include elderly patients in 
future clinical trials in order to develop appropriate treatment regimen for them (91 ). Also, 
the precise activity and toxicity of already existing chemotherapy combinations should be 
evaluated in elderly persons. Next, it may be that biological rather than chronological age 
i� more important in tolerance and response to chemotherapy (23). To date, assessment of 
biological age is not possible and future research should also be directed in this area. 

In summary, many issues involved in chemotherapy of elderly persons with cancer 
remain unresolved. Until properly designed prospective clinical trials have been perfor­
med which provide answers to these questions, obviously age alone cannot be used as an 
isolated argument not to treat elderly patients with the same intent as in young patients. 
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Chapter 2 

A PHASE II STUDY OF ORAL ETOPOSIDE IN ELDERLY 

PATIENTS WITH SMALL CELL LUNG CANCER 

E.F. Smit( l l, D.N. Cameyl2l, P. Harford!2J, D.Th. SleijferO>, P.E. Postmus< l l  
Departments of  Pulmonary Diseases< 1 l and Internal Medicine, Division of  Medical Oncology(3), 

State University Hospital Groningen, The Netherlands, and St. Luke's Hospital, Dublin, lreland<2> 

SUMMARY 

Thirty-five previously untreated patients with small cell lung cancer older than 70 years 
were treated with oral etoposide (800 mg/m2 over 5 consecutive days) every 4 weeks. 
Twenty-two patients had extensive disease and 13 limited disease. The overall response 

rate was 71 %. The median survival for patients with limited diseases was 16  (range 6-32) 
months and for patients with extensive disease nine (range 4-1 7) months. There was mild 
haematological toxicity and alopecia but no major toxicity. It is concluded that etoposide 
in this dose regimen is an effective and well tolerated treatment for elderly patients with 
small cell lung cancer. 

INTRODUCTION 

For most patients with small cell lung cancer the introduction of combination chemothe­
rapy has considerably prolonged median survival (I ) in addition to improving the quality 
of life. For elderly patients, however, aggressive combination chemotherapy is often asso­
ciated with life threatening toxicity, especially myelosuppression. For these reasons elder­
ly patients often have been and still are excluded from most clinical phase II trials. 
Treatment of these patients, however, is often indicated. 

One of the most active agents for small cell lung cancer is the epipodophyllotoxin deri­
vate etoposide (VP 16-2 1 3), which has been associated with response rates of up to 65% 
when used as a single agent in previously untreated patients (3). It is associated with rela­
tively mild toxicity, mainly myelosuppression. Etoposide has clearcut dose and schedule 
related activity; a five day regimen has been shown to be superior to a single infusion of 
the same total dose in patients with small cell lung cancer (4). Etoposide is available for 
oral administration, after which bioavailability is about half, though there is considerable 
interpatient and intrapatient variability (5). We have evaluated the activity and toxicity of 
orally administered etoposide as palliative treatment in elderly patients with small cell 
lung cancer. 
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METHODS 

Thirty five consecutive patients (33 of them male) with previously untreated small cell 
lung cancer were treated from August I 985 to October I 987 with the same protocol (for 
their characteristics see table I). All met the following criteria: cytologically or histologi­
cally proven small cell lung cancer, age over 70 years, ECOG performance score 0-3. The 
extent of their disease was assessed on the basis of findings at physical examination, bio­
chemical profile and chest radiograph. If there was clinical suspicion or biochemical or 
radiological evidence of further extension, isotope bone scanning or liver ultrasonography 
or both were performed. Limited disease was defined as evidence of disease within one 
hemithorax and supraclavicular fossa and extensive disease as evidence of disease beyond 
these borders. Twenty-two patients had extensive disease and I 3 limited disease. 
Table I. Patient characteristics. Each cycle of etoposide consisted of 

Number of patients 

male : female 33 : 2 
Age median (range) 73 (70-95) year� 
ECOG I performance score 
0 2 
I JO  
2 I O  
3 13  
Extent of  di�ease 

Limited (LD) 13  
Extensive (ED) 22 

Response rate(%) 7 1  
Remissions: 

Complete 
Partial 

Stable disease 
early deaths 

5 LO, I ED 
5 LO, 14 ED 
3 LO, 5 ED 

2 ED 
Survival (median (range) mo): 

LO 16  (6-32) 
ED 9 (4- 1 7) 

a total dose of 800 mg/m2 body surface 
area, divided over five consecutive 
days. Etoposide was given orally, in 50 
or I 00 mg capsules, (Vepesid®, Bristol 
Myers) supplied by the patient's phar­
macist or general practitioner, indivi­
dual doses being rounded up or down 
to the nearest 50 or I 00 mg. Treatment 
was repeated every four weeks on an 
outpatient basis. Chemotherapy was 
discontinued if there were signs of pro­
gressive disease; patients who respon­
ded received a maximum of 1 2  cour­
ses. 

Toxicity and response were scored 
according to WHO criteria (6) three 
weeks after each treatment. This was 
usually the only hospital visit during 
the treatment cycle. Patients were con­
sidered evaluable if they had comple-1 ECOG-Eastem Cooperative Oncology Group. ted at least one treatment cycle. Res­

ponse was assessed by physical examination and chest radiography. Bronchoscopy was 
not repeated. A complete remission was defined as complete regression of evaluable 
tumour, and a partial response as a decrease of 50% of the product of two perpendicular 
diameters of measurable lesions or a 30% decrease of one diameter of evaluable lesions. 
Adjustment of the dose to 75% of the previous dose was carried out if full haematological 
recovery had not occurred three weeks after the previous cycle.Survival time was deter-
mined from the start of treatment. 
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RESULTS 

The total number of cycles was 205 and the median number of cycles given was six (range 
1 - 1 2) .  

Response and survival 

Thirty-three patients were evaluable for their response (table I); two patients died during 
the first cycle owing to progression of the tumor. The overall response rate was 7 I %, six 
patients showing complete regression and I 9 partial regression (five limited disease, I 4 
extensive disease). Median survival was 1 6  months (range 6 - 32 months) for the limited 
disease group of patients and nine months (range 4 - I 7 months) for those with extensive 
disease. One patient is still alive 22 months after the start of treatment. 

Toxicity 

As expected, bone marrow suppression was the predominant form of toxicity, though the 
incidence was low. There were no hospital admissions for drug related toxicity, including 
neutropenia, thrombocytopenia or anaemia. Only one patient needed adjustment of the 
dose and no deaths were related to treatment. 

All patients experienced alopecia, usually complete. Gastrointestinal toxicity was easy 
to handle. Only a few patients needed symptomatic treatment. 

DISCUSSION 

The proportion of patients with small cell lung cancer who are over 70 years is not clear. 
In a report by Kreyborg in 1969 (7) only 4% of the patients with small cell lung cancer 
were over 70, though in a recent large American survey 26% were over 70 (8). In our insti­
tutions about I 5% of patients with small cell lung cancer are older than 70. Concerns 
about increased toxicity of combination chemotherapy in elderly patients may be the reas­
on why physicians tend to withold this approach (9). 

Various reports are available on palliative treatment of elderly patients or those with a 
poor prognosis (in virtue of their performance score or extent of disease). In two studies 
( IO, I I )  using two drug regimen including etoposide response rates were around 70%.  The 
results for our patients with extensive disease - a 70% response rate and a median survival 
of nine months - are in agreement with the results of these studies. For the patients with 
limited disease the median survival was somewhat longer than in the study of Allan et al 
( I 0); I 6 vs. I 2.5 months. We had less toxicity and no drug related deaths, and apart from 
alopecia no important non-haematological side effects. In these two studies the other drug 
in the combination, vindesine or vincristine, probably contributed to the observed toxicity. 
A major advantage of our treatment is that it may be given on an outpatient basis with 
minimal investigations and hospital visits. 
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The median survival for the patients in this study is very reasonable both for those with 

extensive disease (nine months) and for those with limited disease (16 months). Though 

some series report better survival for the latter group, this might be only at the cost of more 

treatment related toxicity. Certainly for elderly patients, who may be less able to tolerate 

or survive standard chemotherapy regimen, a shorter median survival with the alleviation 

of symptoms may be considered as an acceptable goal. 

We conclude from our data that orally administered etoposide at a dose of 800 mg/m2 

divided over five consecutive days is a well tolerated and effective regimen for palliation 

in elderly patients with small cell lung cancer. 
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Chapter 3 

PHASE I STUDY OF ORAL TENIPOSIDE 

E.F. Smit0 ,2J, B.E. Oosterhuis(2l, H.H. BerendsenO l, D.Th. Sleijfer<2l, P.E. Postmus< I J. 
OlDept. of Pulmonary Medicine, (2JDept. of Internal Medicine, Division of Medical 

Oncology, University Hospital Groningen, The Netherlands. 

INTRODUCTION 

Podophyllotoxins have been used therapeutically for over a thousand years. One of the 
first reports of their application in cancer treatment stems from an early medieval English 
book 900 to 950 AD. Prohibitive toxicity in phase I cancer trials in the early 1950's ( I) 
prevented their intravenous (IV) use. Not until 1967 was the first of two promising semi­
synthetic podophyllotoxins, 4 'demethyl-epipodophyllotoxin-9 (4,6-0-thenylidene-B-D­
glucopyranoside), or VM-26 (teniposide) introduced in anticancer chemotherapy. Al­
though it became available earlier, teniposide is somewhat of a poor relation compared 
with its congener etoposide regarding the extent to which its pharmacology and clinical 
use have been studied (2). While etoposide has been extensively studied in a wide range 
of haematologic and solid malignancies (3), the clinical use of teniposide has been restric­
ted mainly to pediatric oncology, non-Hodgkin's lymphoma and brain tumors in adults 
(4). In the last few years interest in teniposide has been renewed which may be due to an 
accumulation of in vitro and in vivo data. Both etoposide and teniposide exert their cyto­
toxic action by a reversible interaction with DNA-topoisomerase II, resulting in increased 
DNA scission and inhibition of rejoining (5,6). Recent in vitro work has suggested that 
teniposide is more potent in this regard than etoposide (7), and clinical studies indicate 
that teniposide is a superior compound (8). The mechanism of action of both drugs 
explains their schedule-dependent activity, as was demonstrated with etoposide in in vivo 
studies of small cell lung cancer: prolonged administration was found to be superior to a 
short infusion of the same total dose (9, J O) .  In an out-patient setting, multiple daily IV 
administration is difficult to handle and rather problematic for most patients. A way to 
overcome this inconvenience is to substitute an oral preparation for the IV drug. Such 
regimen have already been used with etoposide. Oral administration of teniposide would 
certainly facilitate wider use of this active anticancer agent. These considerations promp­
ted us to perform a phase I study of oral teniposide, which is the subject of this report. 
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MATERIALS AND METHODS 

Between October 1987 and June 1989, 19 patients at University Hospital Groningen were 
entered into this study. All patients had cytologically or histologically proven malignan­
cies for which no other generally accepted treatment was available at the time of entry. In 
addition, all patients met the following criteria: ( I) Eastern Cooperative Oncology Group 
(ECOG) performance status of 3 or less; (2) expected survival of at least 2 months; (3) 
serum creatinine level of <130 µmol/1; (4) serum bilirubin level <35 mmol/1; (5) WBC 
>3.0x 109/1; (6) platelet count > I OOx I 09/). None of the patients had received chemothera­
py or radiotherapy for at least 4 weeks before the start of teniposide treatment. The study 
was approved by the local Medical Ethical Committee, and oral informed consent was 
obtained from all patients before entry. 

Patients received oral teniposide over five consecutive days. Teniposide is only avai­
lable in 50 mg vials for IV use, with benzylalcohol 0. I 5 g; N,N-dimethyl acetamidine 
0.3 g; polyethoxylated castor oil 2.5 g; maleic acid to a pH of 5. 1 and absolute alcohol to 
5 ml ( 1 1  ). This solution was dissolved by the patients themselves in I 00 ml of syrup or 
orange juice. To assure proper drug handling, patients were trained by an oncology nurse. 

Table I. Patient characteristics. 

Median age (range) 
Sex 

Male 
Female 

ECOG performance status 
0 
I 
2 
3 

Primary site 
Non small cell lung cancer 
Adenocarcinoma of unknown origin 
Non seminoma testis tumor 
Liposarcoma 

Previous therapy 
Chemotherapy (C) 
Radiotherapy (R) 
C + R  

Oral V M26 dose (no courses) 
60 mg/m2/day 
85 mg!m2/day 

I 10 mg/m2/day 
135 mg!m2/day 
160 mg!m2/day 

24 

number of patients 

59 (21-74) years 

17 
2 

2 
5 
6 

6 

15 
2 

3 
7 

4 

3 (12) 
4 (22) 
3 (17) 
3 (8) 
6 (18) 

The patients took the whole 
dose each morning before 
breakfast. The starting dose 
was established as 60 mg!m2/ 
day because an earlier study 
of teniposide 30 mg/m2/day 
IV for five consecutive days 
produced no major side ef­
fects ( 1 2). At an expected 
50% absorption level, which 
is similar to that of oral eto­
poside, 60 mg/m2 given oral­
ly is roughly equivalent to 
30 mg/m2 IV. Courses were 
repeated every three weeks 
for a maximum of twelve 
courses if no disease progres­
sion was evident and no 
unacceptable toxicity occur­
red. The dose was to be esca­
lated with 25 mg/m2/day if no 
unacceptable toxicity occur­
red in any of at least three 
patients at that level during 
the first course. The tenipos-



ide dose was not escalated in the individual patient. Toxicity was evaluated on days 7, 1 4  
and 21 of each course with a patient interview, physical examination, full blood counts 
and assessment of renal and hepatic function. A chest X-ray was performed every three 
weeks. Unacceptable toxicity, using the World Health Organisation (WHO) grading sys­
tem ( 1 3), was defined as grade 3 or 4 oral mucositis, grade 3 diarrhea or grade 3 or 4 hae­
matologic toxicity. 

To be evaluable for response a patient with measurable tumor manifestations had to be 
followed for at least 6 weeks from the start of treatment. Complete response was defined 
as complete disappearance of all known tumor for at least 4 weeks and a partial response 
as a decrease of at least 50% in the sum of the products of the largest perpendicular dia­
meters of all measurable lesions. Stable disease was defined as a situation with less than 
50% decrease or less than 25% increase and progressive disease as more than 25% incre­
ase in the sum of products of the aforementioned diameters. 

Table I lists the clinical characteristics of the nineteen patients entered in this study. 
For none of these patients treatment with teniposide alone is considered standard treat­
ment. Three patients received teniposide 60 mg!m2/day, 4 patients 85 mg/m2/day, 
3 patients 1 1 0  mg/m2/day, 3 patients 1 35 mg/m2/day and 6 patients 1 60 mg/m2/day. Six 
patients instead of three were assigned to the highest dose level because unacceptable 
toxicity had occurred in two of the first three patients treated with this dose. 

RESULTS 

Eighteen out of 1 9  patients completed at least one course of therapy and are evaluable for 
toxicity. One patient who received 1 60 mg/m2/day died under unknown circumstances at 
day 1 5  of the first course. Table I also lists the total number of courses administered per 
dose step. Nine patients received one course, one patient received two courses, one patient 
three courses, two patients four courses, one patient seven courses and four patients recei­
ved 1 2  courses of oral teniposide. Reasons for discontinuing teniposide therapy was toxic 
death in two patients and unacceptable gastrointestinal (GI) toxicity in 3 patients. Four 
patients completed 1 2  courses and nine patients had disease progression after one course. 

Toxicity 
Haematological 
Tables II and III show the nadirs of leukocyte and thrombocyte counts. In general, both 
nadirs occurred around day 14 of each course. All patients recovered sufficiently by day 
21 to allow a next course to be initiated. We could not demonstrate dose-related myelo­
suppression, although a slight tendency towards lower median nadirs with increasing dose 
was evident. Instead, WHO grade 3 or 4 haematologic toxicity occurred in five patients at 
various dose levels. Two men treated with 85 mg/m2/day developed grade 3 leukopenia 
during the first course. Both patients were heavily pretreated with chemotherapy and radi­
otherapy and had an ECOG performance status of 3. A 41 -year-old woman who had recei-
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ved four courses of teniposide 1 1 0 mg/m2/day without any sign of toxicity developed 
severe myelosuppression on day 11 of the fifth course. By day 1 3, her leukocyte count had 
dropped to 0.07 x I 09/) and her platelet count to 8x I 09/). This patient, suffering from wide­
ly disseminated bronchial carcinoma died on day 14  due to respiratory failure. A 58-year­
old man, with rapidly progressing metastatic bronchial carcinoma and an ECOG perfor­
mance status of 3, died due to teniposide-induced myelosuppression. After one course of 
chemotherapy (4-epidoxorubicin IV)  and additional radiotherapy for superior vena caval 
obstruction he had received one course of oral teniposide 1 60 mg/m2/day. He was hospi­
talized because of fever on day 1 6, and severe myelosuppression was evident at that point. 
Despite appropriate antibiotic treatment he died of uncontrolled septic shock on day 21 in 
deep aplasia. The last patient who experienced grade 4 haematological toxicity was pre­
viously untreated, and also received 1 60 mg/m2/day. He recovered without any problems 
on day 2 1 .  None of the remaining 1 3  patients experienced severe myelosuppression 
during the course of their treatment. Except for one patient treated with the 110 
mg/m2/day dose, there was no evidence of cumulative haematological toxicity in those 
patients who received more than one course of oral teniposide. 

Table II. Median nadirs (range) of leukocyte counts (/µL) during 5-day course of oral 
VM26. 

Dose day 7 day 1 4  day 2 1  

60 mg!m2/day 6.3 (6. 1 - 9.4) 6.3 ( 4.5-9.4) 6.3 ( 5.6-7. 1 )  
8 5  mg!m2/day 7.8 (6.4- 1 0. 1 )  5 .9 ( 1 .4-8 . 1 )  6.0 ( 1 .7- 1 9.4) 

1 1 0 mg/m2/day 8.9 (7.2- 1 1 .7) 5.3 (0.03-8.5) 6.0 (4.4- 1 5.2) 
1 35 mg!m2/day 6.6 (2. 7- 1 1 .3) 5.4 ( 2. 1 -6.7) 4. 1 ( 2.7-5.4) 
1 60 mg!m2/day 6.7 (3.4- 1 1 .7) 4.9 ( 0.7-9.9) 5.6 (0.03-7.2) 

Table III. Median nadirs (range) of thrombocyte counts (/µL) during 5-day course of oral 
VM26. 

Dose day 7 day 1 4  day 2 1  

60 mg!m2/day 3 14 (27 1 -389) 289 (258-508) 25 1 (233-269) 
80 mg!m2/day 240 ( 1 34-349) 234 ( 1 1 2-373) 285 (224-385) 

1 1 0 mg/m2/day 407 (302-649) 257 ( 9-477) 389 (3 10-854) 
1 35 mg!m2/day 305 ( 1 64-446) 2 1 5  ( 1 57-389) 346 (233-506) 
1 60 mg/m2/day 2 1 9  ( 98-374) 260 ( 79-472) 289 ( 7-445) 

Non-haematological 
GI toxicity was the second most common toxicity encountered. Virtually all patients com­
plained of the unpleasant taste of the teniposide solution. Several patients retched during 
administration of the drug. Twelve patients received anti-emetics. Frequent vomiting per­
sisted in 5 patients. Because of this acute toxicity two patients were withdrawn from tre­
atment after the first course upon their request. 

26 



Grade 3 diarrhea occurred in a 74-year-old man during the first course ( 160 mg/m2/ 
day), causing discontinuation of therapy. Apart from the five patients who had severe 
myelosuppression, no oral mucositis was seen. No renal or hepatic toxicity occurred. 

Total alopecia was not seen in the 1 4  patients at risk for this toxicity. Partial alopecia 
was frequent at dose above 85 mg/m2/day. 

No hypersensitivity reactions, such as reported by O'Dwyer et al. ( 14) were observed. 

Response 

Seven of IO patients who received more than one course of oral teniposide are evaluable 
for response. No complete or partial responses were seen. All patients had stable disease 
with a median time to progression of 4 months (range 2-1 1 months). Two patients are still 
alive 8 and 2 months after the start of therapy with oral teniposide and treated upon the 
same protocol. 

DISCUSSION 

This is the first phase I study investigating oral teniposide administration, using a daily 
times 5 schedule. The maximum tolerated daily dose in this schedule was 160 mg/m2/day. 
Leukocytopenia and thrombocytopenia as well as GI toxicity were dose-limiting side 
effects. The latter may be related to the use of the drug in a liquid form. Brunner and cow­
orkers ( 15) saw an approximately threefold increase in GI toxicity when etoposide was 
administered orally as a drinking ampule compared with capsules. Also, use of a hydrop­
hilic gelatine capsule blocked the unpleasant taste of the oral etoposide solution ( 1 6) .  

Myelosuppression was expected to be the dose-limiting side effect of oral teniposide. 
Nadirs occurred around day 14 and cell counts recovered in most patients by day 21 . 
However, heavily pretreated patients may not be able to tolerate a cumulative oral teni­
poside dose of 800 mg/m2 ; two such patients, who received a cumulative dose of 420 
mg/m2, had grade 3 Ieukopenia. In contrast, some untreated patients can probably tolerate 
a higher dose of oral teniposide: two patients treated at the highest dose level experienced 
no major myelosuppression. Apart from treatment status, interpatient and intrapatient 
pharrnacokinetic differences in drug absorption probably also influence toxicity. Several 
authors report variable etoposide absorption when the drug is administered orally. Its 
absolute bioavailability seems to be approximately 50%, but there are large intra- and 
inter-individual differences; reported drug absorption has varied from less than 40% to 
more than 70% ( 16, I 7). The only study reporting on the absolute bioavailabil ity of oral 
teniposide to date shows similar differences in absorption. Holthuis et al. ( I 8) studied 
variation of bioavailability in three patients after oral drug administration over 5 days. 
Based on measurements of the area under the concentration versus time curve, bioavaila­
bility ranged from 1 9% to 57% with considerable intra-individual variation. Therefore, 
under-dosing or overdosing may be caused inadvertently within schedules using oral pre­
parations of either drug, especially when the drug is administered over several days ( 1 9) .  
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Smyth et al. (20) suggested that individual dose optimization is necessary for etoposide. 
However, this would require serial sampling of plasma as carried out by Stewart et al (21) 
who found a significant relationship between percent decrease in WBC count and clearan­
ce of non-protein-bound etoposide after IV administration. Monitoring blood concentra­
tions for a single day after oral treatment may give a misleading idea of the total bioavai­
lability during a course of therapy that lasts several days (22). Unfortunately, such appro­
aches are not practical in routine use of orally administered anticancer drugs. 

The absence of major responses in this group of patients is not surprising, as the majo­
rity of them suffered from non-small cell lung cancer. Teniposide is known to have only 
modest activity in this malignancy (23). It seems most appropriate to explore the effect of 
oral teniposide in a phase I I  setting in malignancies in which this drug appears to have a 
high activity, such as small cell lung cancer (7,24) or non-Hodgkin 's lymphoma. 
Furthermore, it might be worthwhile to use oral teniposide in combination with other 
cytotoxic drugs. To reduce the GI toxicity, it may be preferable to supply teniposide in 
capsules instead of ampules. as was done for etoposide. 

In conclusion, we found that the maximum tolerated daily dose of oral teniposide 
administered over five days is 1 60 mg/m2/day. Individual dose de-escalations may be 
necessary in previously treated patients or in those with presumed erratic absorption of the 
drug, resulting in excessive myelosuppression. 
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SUMMARY 

Symptomatic brain metastases are found in 40 - 50 % of patients with small cell lung can­
cer. Results of whole brain radiotherapy are rather poor and recurrences after radiothe­
rapy are frequently seen. New modes of therapy for these patients are needed. In this stu­
dy the efficacy of teniposide at a dose of 150 mg/m2 on day I ,  3 and 5 at 3 weeks inter\'al 
is evaluated. In 11 out of 26 evaluable patients a response was seen. Median response 
duration was 42 weeks (range 4 - 65). Toxicity was acceptable, grade 314 leukocytopenia 
and thrombocytopenia were seen in 37% and 16% of /23 courses respectively. 
Teniposide is active against brain metastases of small cell lung cancer and is a suitable 
drug for palliation in these patients. 

INTRODUCTION 

Central nervous sytem (CNS) metastases are frequently seen in patients with small cell 
lung cancer (SCLC) ( I ). The vast majority of CNS metastases are brain metastases (2). 
They are present in about 1 0% of the patients at the time of diagnosis (2-4), while in 1 -2% 
this is the sole site of documented extrathoracic disease (2). An additional 30-40% of the 
patients develop clinically overt brain metastases prior to death (2,5). The rate at autopsy 
is even higher (3) and at 2 years the probability has risen to 80% (2). The introduction of 
combination chemotherapy almost two decades ago has resulted in important changes in 
survival of patients with SCLC (6). However, for the majority of patients with CNS meta­
stases the prognosis remains very poor. A possible explanation for this is the minimal 
penetration of most cytostatic drugs into the CNS. In several randomized trials the use of 
prophylactic cranial irradiation (PC[) has reduced the frequency of CNS metastases from 
about 23% to 6%, but a significant survival benefit has not been found (7). 

Traditionally, treatment of clinically evident brain metastases has been whole brain 
radiotherapy (WBRT), usually in combination with high dose corticosteroids. Results of 
this treatment have only been reported in non-randomized and predominantly retrospec-
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tive investigations (2,3,8,9, 10). As expected, the response rates vary considerably with 
complete symptomatic remissions ranging from 25% to 64%. Several factors may account 
for the variation in response rate reported. Firstly, the possibility of incomplete neurolo­
gical evaluation in retrospective studies cannot be ruled out and differences exist between 
the studies with respect to the degree of neurological impairment of the patients. 
Secondly, the number of patients with brain metastases after chemotherapy versus pre­
viously untreated patients varied in these studies. Finally, response criteria varied from 
one study to another. 

The median survival of patients presenting with brain metastases during or after che­
motherapy is apparently very short: 3 - 4.5 months (2,8-10), even with additional chemo­
therapy (9). However, in only a minority of the patients receiving W BRT progression of 
the brain metastases was the cause of death, the great majority died of tumor progression 
outside the brain. Regarding the poor results of WBRT for patients with brain metastases 
from SCLC and the lack of therapeutic possibilities for patients relapsing in the brain after 
either PCI or WBRT, other modes of therapy have to be evaluated. 

In a pilot study of high-dose etoposide penetration into the cerebrospinal fluid was 
documented and also efficacy against brain metastases of SCLC was shown ( 11, 12). 
However, toxicity of this regimen was too severe to consider it as a suitable regimen for 
palliation in these patients ( 1 3  ). Penetration into the cerebrospinal fluid was also found for 
the congener of etoposide, teniposide ( 1 4  ). In a patient with a relapse of brain metastases 
from SCLC after WBRT and high-dose etoposide, teniposide at a dose of 150 mg/m2 
resulted in a response without severe toxicity ( 15). In this report we describe the first 
results of a phase II study of teniposide in patients with brain metastases of SCLC. 

MATERIALS AND METHODS 

Patients 
From September 1987 to August 1989 twenty-nine patients were entered in this study. 
Criteria for eligibility in the study were: histologically or cytologically proven SCLC, 
leukocyte count :?:3.0 x 109/1, platelet count :?:100 x 109/1, normal renal function (serum 
creatinine S: 1 50 mmol/1), normal bilirubin ('.5:25 mmol/1) and brain metastases documented 
by contrast enhanced brain computer tomography (CT). If previous therapeutic or pro­
phylactic cranial radiotherapy had been given this had been completed more than 6 weeks 
before entrance into the study. Moreover, in these patients the brain metastases should be 
progressive, based on clinical signs and/or brain CT. Concomitant chemotherapy was not 
allowed. Informed consent was obtained from all patients. 

Therapy 
Teniposide (VM 26, Vumon®) was given at a daily dose of 150 mg/m2 on day I ,  3 and 5 
at 3 weeks interval. Teniposide was diluted in 500 ml normal saline and administered IV 
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in 1 hour in the outpatient department. Treatment was continued till progression either in 
the brain or of the tumor outside the CNS. Maximally 1 2  courses were given. Dose reduc­
tions were not allowed for. If bone marrow recovery was not complete at the planned time 
for the next course treatment was delayed for I or 2 weeks. 

Corticosteroids (dexamethasone) were given if symptoms due to edema were disa­
bling. Two weeks after the start of therapy with teniposide the daily corticosteroid dose 
was to be reduced gradually to zero unless symptoms due to edema associated with brain 
metastases recurred. Platelet transfusions were administered when platelet counts were 
�IO X 1 09/1. 

Response 
Response was evaluated after each course by neurological investigation and by contrast 
enhanced brain CT after 2, 6 and 1 2  courses. 

Table I. Classification of neurological function (NF). 

1 Intellectually and physically able to work; neurological findings minor or absent; 
2 Intellectually intact and physically able to be at home, although nursing care may be required; 

neurological findings present but not a major factor; 
3 Major neurological findings requiring hospitalization and medical care and supervision; 
4 Requires hospitalization and is in serious physical and neurological state. 

The neurological function of the patients was scored according to the classification of 
Order et al. ( 16) (table I). A complete response (CR) was defined as a complete disappe­
arance of the tumor lesions on brain CT with a total clearing or stabilization of the neuro­
logical signs and symptoms. A partial response (PR) was defined as a decrease of 50% or 
more of the product of the perpendicular diameters of an enhancing lesion on the CT or a 
similar reduction in the sum of the products of the perpendicular diameters of enhancing 
lesions on CT and/or a reduction in number without otherwise signs of progression. Stable 
disease (SD) was defined as an increase of less than 25% or decrease of less than 50% of 
the enhancing lesions without development of new lesions and no worsening of neurolo­
gical symptoms. Progressive disease (PD) was defined as an increase of more than 25%, 
or appearance of new metastases and/or neurological worsening attributed to the metasta­
ses. Toxic death (TD) is death due to treatment related toxicity and early death (ED) is 
death due to tumor progression before the first evaluation after the start of therapy. 

The duration of response and survival were measured from the first day of the therapy 
with teniposide. 

Toxicity 
Toxicity was scored during each course according to the WHO-criteria ( 1 7). The patients 
were evaluated between day 14  and 1 6  of each course in the outpatient department. 
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RESULTS 

Patients 
Of 29 patients entered in this study there were 2 females and 27 males with a median age 
of 62 years (range 48 - 80). Five patients were previously untreated. Twenty-four had been 
treated with chemotherapy for SCLC, of these patients 20 had received etoposide at a 
standard dose. In 9 patients brain metastases were the only place of tumor progression, in 
the other 15 patients also tumor progression outside the CNS was found shortly before or 
at the same time as the brain metastases were found. Nine patients had received WBRT, 
including 2 patients with PCI. The performance score (ECOG) was O in 4 patients, 1 in 11 

Table II. 

Number of brain metastases number of patients 

Response 

2-3 
4-10 
>10 

5 
6 
6 

1 2  

patients, 2 in 6 patients, 3 in 5 patients 
and 4 in 3 patients. The neurological 
function (NF) score of the patients was 
I in 12 patients, 2 in 11 patients, 3 in 4 
patients and 4 in 2 patients. The number 
of metastases found on brain CT is 
shown in table II. Seven patients needed 
corticosteroids at the start of the chemo­
therapy. 

Twenty-six patients were evaluable for response, one patient died of an unknown cause at 
home shortly after the second course. Two patients just completed their first course and 
are not yet evaluated. One patient with ECOG performance score 4 died during aplasia 
related septicemia. Four patients are still treated according to the study protocol. Eleven 
patients received 1 or 2 courses, 7 patients between 3 and 6 courses and 8 patients recei­
ved more than 6 courses. 

Table III. Prior chemotherapy and response of brain metastases to teniposide. 

All Untreated Chemotherapy 

(n=27) (n=4) (n=23) 
start of teniposide after 
prior chemotherapy 

Response <3 months >3 months 
Complete 4 2 2 
Partial 7 2 2 3 

Stable disease 5 2 2 I 

Progressive disease 9 7 2 
Toxic death 
Not evaluable 
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The best response scored in the patients is shown in table III.There were 4 patients 
with a CR, 7 patients with a PR and 5 patients had stable disease. The response rate was 
42%. There is a small, but not statistically significant, difference between the group of 
patients relapsing in the brain after a longer treatment free interval and the patients with 
brain metastases becoming symptomatic during or shortly after chemotherapy. Of the 
patients with ECOG performance score 3-4 only I out of 7 responded, whereas 10 out of 
19 patients with ECOG performance score 0-2 had a response. The median survival of 
patients with ECOG performance score 3-4 (n=8) was 8 weeks (range 4-30) and of the 
patients with ECOG performance score 0-2 (n=2 l )  21 weeks (range 4-65). Of the 
6 patients with a neurological function score (NF) of 3-4 only 1 had a response, the 
median survival of these patients was 5.5 weeks (range 4-30). The median survival of the 
patients with NF 1-2 was 21 weeks (range 4-65). In the patients responding to the chemo­
therapy it was possible to stop the corticosteroids. Median response duration was 
23 weeks (range 9 - 50). The median survival of the responding patients was 42 weeks 
(range 10+ - 65), whereas the nonresponders had a median survival of I 2 weeks (range 
4-38). All responding patients had a NF-score of I at the time of the response. After teni­
poside treatment tumor progression was in 6 patients only in the CNS and in 19 patients 
also outside the CNS. Of 6 patients with tumor progression in the brain 4 had a temporary 
improvement after WBRT. 

Toxicity 

Hundred and twenty-three courses have been given. In 29% of the courses grade 3 and in 
8% grade 4 leukocytopenia was seen. Thrombocytopenia grade 3 was seen in 7% and gra­
de 4 in 9% of the courses. During 4 courses (3%) platelet transfusions were given. During 
7 courses (6%) fever due to infection was noted, I patient died during aplasia related sep­
ticemia. In all patients at risk alopecia was noted. Nausea and vomiting were mild and 
easily controlled by antiemetics. Grade 1 mucositis of the oropharynx was found in 1 
patient. 

DISCUSSION 

Despite two decades of chemotherapy for SCLC the efficiency of cytotoxic drugs for pre­
venting or treating CNS metastases has not been sufficiently studied. Adding drugs that 
are supposed to cross the blood-brain barrier (BBB), i.e. procarbazine, nitrosureas and 
high-dose methotrexate, to combination chemotherapy regimen resulted in the same fre­
quency of CNS relapse as was seen after treatment with other cytotoxic drugs (2, 18 - 21 ). 
Also, adding standard dose etoposide to the combination regimen did not improve the 
CNS relapse frequency (22). 

Recently in 3 small groups of patients with newly diagnosed SCLC and brain meta­
stases, responses after standard dose combination chemotherapy have been reported 
(23-25). These results are remarkable and undermine the concept of the impenetrability 
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of the BBB. The role of this BBB might be much less important in patients with sympto­
matic brain metastases than in patients without metastases. These small studies make i t  
clear that it is necessary to evaluate chemotherapy for brain metastases in  a more syste­
matic way. Until very recently, the evaluation of the efficacy of single agents against brain 
metastases from SCLC has been done in small groups of patients only. Giaccone et al. (26) 
found a response in 3 out of 8 patients with SCLC and brain metastases treated with teni­
poside at a dose of 1 20 mg/m2 on days 1 ,  3 and 5. The 42% response rate found in the pre­
sent study confirms this result, and is comparable to the study of the EORTC Lung Cancer 
Cooperative Group with high-dose etoposide in a similar group of patients (27). In 1 0  out 
of 23 patients a response was seen ( 43% ). Tox icity of this regimen was considerable with 
5 patients who died during aplasia related septicemia and this makes this regimen unsui­
table for palliative treatment in most patients. In the present study myelosuppression was 
also the most important side effect but it was less severe and only I patient sofar died 
during aplasia. 

Although teniposide is probably one of the most active drugs against SCLC (28), its 
activity in patients previously treated with etoposide is minimal (29). The 42% response 
rate found in this study is therefore remarkable. An explanation for this could be the mini­
mal penetration of etoposide at standard doses into the CNS (30) and the integrity of the 
BBB in the situation without apparent metastases ultimately resulting in minimal or no 
exposition of the metastatic tumor cells to etoposide and no induction of resistance. 

Comparing this study with previously reported studies of WBRT is difficult especially 
due to the much less clear response evaluation after WBRT. In the study by Lucas et al. 
( 1 0) a CR was defined as achieving and maintaining a NF score of 1 and a PR if a NF 
score of 2 was reached. With respect to the NF score in the present study all patients 
reached a CR, according to the definition by Lucas, which is comparable to the 46% 
response rate after WBRT and corticosteroids. Survival of the responding patients in both 
studies is also comparable. 

The number of patients in this study is too small to draw conclusions whether it is 
worthwhile to go on treating patients with brain metastases with a poor PS and/or NF sco­
re. Also the possible negative prognostic influence of recent or concurrent chemotherapy 
on the chance to respond in the brain has to be evaluated in a larger group of patients. 
Presently the EORTC is evaluating the same regimen in a much larger group of patients 
and results of this study may throw more light on several remaining questions. 
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SUMMARY 

Carboplatin , a cisplatinum analogue, has no reported nephrotoxicity in phase /III stu­
dies, assessed by creatinine clearance. We prospectively determined renal function in JO 
untreated lung cancer patients with normal baseline renal function, treated with carbo­
platin 400 mg!m2 day I and vincristine 2 mg day I and 8 every 4 wks (max. 5 cycles) by 
means of clearance studies with 125/-sodium tha/amate and 131/-hippurate to determine 
glomerularfiltration rate and effective renal plasma flow respectively. Tubular damage 
was monitored by excretion of tubular enzymes and relativef3rmicroglobulin clearance. 
During the first course no changes in renal function were seen. After the second course 
a significant fall in GFR and ERPF started, ultimately leading to a median decrease in 
GFR of 19.0% (range 6.8-38.7%) and in ERPF of 14% (range 0-38.9%). No increases 
in the excretion of tubular enzymes or changes in the relative JJrmicroglobulin clearan­
ces were seen. 

We conclude from our data that carboplatin causes considerable loss of renal func­
tion. Monitoring renal function in patients treated with multiple courses of carboplatin 
is warranted. 

INTRODUCTION 

The introduction of cisplatin (CDDP) in the early seventies resulted in a major step for­
ward in anticancer chemotherapy (I ). However, cisplatin has a narrow therapeutic index 
especially in regard to nephrotoxicity, limiting the clinical utility of this agent (2). Several 
ways have been employed to overcome this problem. Although therapeutic index of 
CDDP has improved with the use of such manoeuvres, the drug does remain nephrotoxic 
(3-8). An alternative approach was the synthesis of analogues of cisplatin with the aim to 
find Pt-complexes with less nephrotoxicity and more or comparable antitumor activity 
(9). About 2000 second generation Pt-compounds have been synthesized and screened for 
cytotoxicity. Only a few have been selected for clinical evaluation, of which carboplatin 
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(CBDCA, JM8) probably is the most promising. In human and animal studies carboplatin 
has demonstrated increased hematological toxicity compared to CDDP, but it is less eme­
togenic and has little or no oto- or neurotoxicity and no nephrotoxicity even in the absence 
of forced diuresis ( I 0, 11 ). In these studies the renal function was measured by monitoring 
serum creatinine and creatinine clearances. However, the determination of creatinine as a 
reflection of the glomerular filtration rate has proven to be a relatively insensitive method 
to monitor CDDP induced renal damage (12,13). Moreover, using S t  Cr EDTA clearances, 
Calvert et al. (14) were also unable to identify CBDCA as a nephrotoxic drug. 

In this study we prospectively determined changes in glomerular filtration rate and 
effective renal plasma flow by the more sensitive method developed by Donker et al. ( 15), 
in IO patients treated with standard dose carboplatin. The possible tubular damage was 
monitored by measuring the excretion of tubular enzymes. 

PATIENTS AND THERAPY 

Ten patients, one female, 9 males, were studied. All had histologically proven lung cancer 
(8 small cell lung cancer, one squamous cell carcinoma, one endobronchial carcinoid). 
One patient was pretreated with s.c. infusion of interferon, all others were previously unt­
reated. Their age ranged from 48 to 69 years (mean 58). All had a normal serum creatinine 
level < 1 20 µmol/1, were normotensive, not salt restricted, and did not use other potential­
ly nephrotoxic medication. 

All patients were treated with carboplatin 400 mg/m2 day I and vincristine 2 mg day 
I and 8 every 4 weeks. Carboplatin was dissolved in 250 ml of glucose 5% and given as 
a 30 min i. v. infusion on day I .  Vincristine was given as bolus injection. No pre- or post­
hydration was given. 

Seven responding patients received the maximum of 5 courses. The treatment had to 
be stopped in two patients after three and in one patient after two courses, because of 
tumor progression. 

RENAL FUNCTION STUDIES 

Glomerular filtration rate (GFR) and effective renal plasma flow (ERPF) were measured 
simultaneously in supine position with radioisotopes. ERPF was determined by measu­
ring the clearance of t 3 I I-hippuran (I x V/P) and GFR by the clearance of t 25I-iothalamate 
(U x V /P) ( I = counts per minute of I ml sustaining solution, V = infusion volume or urine 
volume in ml per minute, P = counts per minute in 2 ml of plasma and U = counts per 
minute in 2 ml urine). After a standard primary dose and sustaining infusion for 2 hours, 
one-hour clearances were determined for acute effects and 2 hour clearances for cumula­
tive effects. For the latter, values are the mean of two 2 hour clearances, which were cor­
rected for standard body surface area. Errors in GFR introduced by incomplete collection 
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of urine were corrected with a method previously described. The day to day variation of 
GFR is � 2% and of ERPF � 5% (15). Filtration fraction (FF) was calculated as the quo­
tient of GFR and ERPF. 

Creatinine clearances were also corrected for incomplete collection of urine, using the 
same method as mentioned above. 

These variables were studied before and during four hours after the first carboplatin 
infusion in order to determine acute effects on renal function. Cumulative effects were 
also measured during 4 hours 4 weeks after each course, just before the administration of 
the following course, i.e. on days 29, 57, 85, 113 and 141. 

During renal function studies urine was collected hourly for the determination of cre­
atinine, LOH, Alkaline Phosphatase (ALP), gamma-GT and Bz-microglobulin. Serum and 
urine creatinine, urine, LOH, ALP, gamma-GT, were determined with standard automatic 
techniques. BrMicroglobulin concentration in plasma and urine was determined by a 
radioimmuno sorbent technique according to Evrin et al. ( 16). Next the ratio of LOH, 
ALP, gamma-GT respectively and creatinine (U per gram creatinine) were calculated. For 
Brmicroglobulin the relative clearance in respect to creatinine clearance was calculated. 

STATISTICS 

Statistical analysis was performed with Wilcoxon 's test for paired observations (two­
sided); p < 0.05 was considered indicative of a significant difference between groups. 

RESULTS 

1. Acute effects 
The pretreatment values (A) of ERPF, GFR and FF of all patients are listed in table I. Also 
depicted are the nadir values of ERPF and values of GFR and FF corresponding with the 
nadir values of ERPF after the first carboplatin infusion (B). Also, corresponding creati­
nine clearances are listed in the table. There were no statistically significant changes in 
the GFR, either by the radiochemical method or creatinine clearances, and ERPF. For 
tubulary enzymes no changes were seen. Relative clearance of Brmicroglobulin incre­
ased in the 4 hours after carboplatin infusion, but remained within the normal range. 

2. Cumulative effects 
Absolute and relative changes in GFR and ERPF during the whole treatment are given in 
table II and figure I ,  respectively. Corresponding creatinine clearances are also given. 
Four weeks after the first administration of carboplatin there is still no significant change 
in ERPF, GFR and FF, but deterioration of the renal function as measured by the radioi­
sotope clearances occurs after the second course. Out of nine patients still on study 
4 weeks after 2 courses, 7 had a fall in GFR > 2% (p < 0.02), median -7.5%, range + 1.9% 
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Table I. ERPF and GFR (creatinine clearance), all in ml.min-'.1.73 m2 before (A) and 
after (B) first carboplatin infusion. 

Patient ERPF GFR (creatinine clearance) FF 

A B A B A B 

I 660 60 1 1 2 1  ( 1 06) 1 1 9 (96) . 1 8  .20 
2 375 395 I I 8 ( 1 07) 1 36 (95) .30 .35 
3 40 1 397 1 55 ( 1 1 5) 1 58 ( 1 3 1 )  .39 .39 
4 293 309 87 (80) 92 (75) .28 .30 
5 3 1 2  322 83 (98) 94 (82) .27 .29 
6 27 1 235 80 (82) 81 (72) .30 .34 
7 3 1 9  3 1 5  1 05 ( 1 1 6) 1 02 ( 1 07) .33 .32 
8 599 5 1 7  1 23 ( I I 8) 1 30 ( 1 16) .2 1 .23 
9 301 309 1 02 ( 1 10) 1 1 3 ( 1 22) .34 .37 

1 0  558 526 143 ( 1 34) 1 54 ( 1 14) .26 .29 

median 388 358.5 1 1 1 .5 ( 1 08.5) 1 2 1 .5 ( 1 0 1 .5) 0.29 0.3 1 
x 408.9 398 1 1 1 .7 ( 1 06.6) 1 1 7.9 ( I O I )  0.286 0.308 
S.D. 143.06 1 25.88 25. 1 4 ( 1 6.5) 26.39 (20.3) 0.06 1 5  0.0596 
SE (x) 45.24 39.8 1 7.95 (5.2 1 )  8.34 (6.42) 0.0 1 94 0.0 1 88 
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Figure 1. Mean percent changes in GFR 
(ml.min· ! _  1 .73 m2) (A) and ERPF (ml.min· ! .  
1 .73 m2) (B)  after multiple courses of 
carboplatin (mean ± standard error). 



Table II. Absolute changes in GFR (creatinine clearance) and ERPF, all in ml.min- 1 .1.73 m2, 

after multiple courses. 

Pat. Course number 

0 2 3 4 5 
GFR (creatinine clearance) 

I 1 2 1  ( 1 06) 1 24 ( 1 1 2) 95 (79) 98 (93) 1 0 1  ( 1 05) 96 ( 1 29) 
2 1 1 8 ( 1 07) 1 37 ( 1 24) 1 1 3 ( 1 0 1 )  
3 1 55 ( 1 1 5) 1 1 6 ( 1 00) 99 ( 1 1 6) 97 ( 1 09) 94 ( 1 79) 95 (68) 
4 87 (80) 97 ( 1 25) 82 (93) 91 (97) 87 ( 1 1 1 ) 8 1  (59) 
5 83 (98) 90 ( 1 1 4) 78 ( 1 0 1 )  
6 80 (82) 79 (85) 74 (87) 73 (84) 72 (8 1 )  62 (9 1 )  
7 1 05 ( 1 1 6) 1 02 ( 1 1 3) 1 07 (72) 1 0 1  ( 1 09) 89 ( I 07) 85 (9 1 )  
8 1 23 ( 1 1 8) 1 3 1 ( 1 02) 1 24 ( 143) 1 20 ( 1 45) 1 1 9 ( 1 23) 1 14 ( 1 27) 
9 1 02 ( 1 1 0) 1 1 6 ( 1 20) 

1 0  1 43 ( 1 34) 1 1 1  (90) 1 1 0 (90) 98 (79) 1 03 (50) 1 22 ( 1 1 6) 
Median 1 1 1 .5 ( 1 1 0) 1 1 6 ( 1 1 2 .5) 99 (93) 98 (97) 94 ( 1 1 1 ) 95 (9 1 )  
x 1 1 1 .7 ( 1 06.5) 1 1 0.3 ( 1 08.5) 98 (99) 96.9 ( 1 02.3) 95.0 ( 1 08) 93.6 (97) 
S.D. 25. 14 ( 1 6.5) 1 8 .35 ( 1 3 .8) 1 7.20 (22.5) 1 3 .90 (22.0) 14.75 (39.5) I 0.26 (27 .8) 
S.E. (x) 7.95 (5.2 1 )  5.80 (4.37) 5.73 (7.49) 5.25 (8.3 1 )  5.58( 14.94) 7.66 ( 1 0.5) 

ERPF 
660 540 396 4 1 3  423 403 

2 375 492 424 
3 40 1 470 407 360 320 3 1 0  
4 293 3 1  283 350 288 290 
5 3 1 2  76 302 
6 27 1 260 60 254 249 234 
7 3 1 9  354 396 372 330 3 1 4  
8 599 554 99 53 1 558 555 
9 30 1 452 

I O  558 385 374 348 382 398 
Median 388 4 1 8.5 396 360 330 3 1 4  
x 408.9 42 1 .4 37 1 .2 375.4 364.3 357.7 
S.D. 1 43.06 95.50 76.30 83.67 1 02.90 105.4 1  
S.E. (x) 45.24 30.20 25.43 3 1 .63 38.89 39.84 

to -36. I %. In three patients ERPF decreased > 5% as opposed to pretreatment values; 
median -3.4%, range +24. 1 % to -40.0% (p < 0.05). The ultimate decrease after 5 courses 
(n = 7) ranges from 6.8% to 38.7% for GFR (median 19.0%) (p < 0.02) and for ERPF 
1 .6% to 38.9% (median 1 4%) (p < 0.02). These changes could not be explained by alte-
ration in body weight of individual patients. 

Although creatinine clearances showed a tendency to decrease after course two, this 
change was not significant (p > 0. 1  ). Moreover, 4 weeks after the fourth course creatinine 
clearances returned to baseline values, with the exception of those in patient number 1 0. 
After 5 courses no significant difference as opposed to pretreatment values were found. 
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During the observation period no significant changes in serum creatinine were found. 
In regard to tubular enzymes and relative 82 clearance we could not detect significant 

changes. Also, none of the patients developed proteinuria. 

DISCUSSION 

The most serious side effect of cisplatin is nephrotoxicity. After multiple courses of 
CDDP, a decrease of about 40% in creatinine clearance has been reported ( 1 2, 1 7) .  The 
study of Meijer et al .  ( 1 2) using the same method as used in this report, showed a median 
decrease in GFR and ERPF of both 23% after induction chemotherapy containing CDDP 
for non-seminomatous testicular cancer. The cisplatin analogue carboplatin has no repor­
ted nephrotoxicity at conventional dose levels. The reduced protein binding ( 1 8, 19) and 
greater stability of carboplatin in body fluids and therefore increased renal excretion com­
pared to cisplatin are supposed to account for the absence of nephrotoxicity (20,21 ). Also, 
in animal models, carboplatin enhanced nuclear protein phosphorylation in tumor cells 
more than CDDP did, but caused much less protein phosphorylation in the normal liver 
and kidney cells. This suggests some selective toxicity towards tumor cells and may in 
part explain the decreased nephrotoxicity of carboplatin (22). Therefore, carboplatin has 
been recommended as an alternative to cisplatin in patients with impaired renal function 
or in those who can not receive the hydration required for conventional cisplatin admini­
stration (23). 

However, there have been sporadic observations of renal function deterioration after 
multiple courses of carboplatin ( 1 1 ,  14,24,25) . Also, the high dose (? 800 mg/m2) study of 
Gore et al. (26) showed a fall in GFR of > 25% in 55% of courses, as measured by 5 1Cr­
EDTA clearances. 

Since vincristine has no reported nephrotoxicity (27,28), we conclude from the data of 
our \tudy that carboplatin has a cumulative dose related nephrotoxic effect, as there was 
no decrease in renal function parameters after the first course, but an impressive fall in 
GFR and ERPF after the second course, ultimately leading to a decrease of 38% after 5 
courses in some patients. The fall in GFR may be clinically important, because the degree 
of myelosuppression probably depends on GFR (29-31 ). In our patients, however, we did 
not find cumulative hematological toxicity despite this decrease in GFR. Even the patient 
with a 38% reduction in GFR did not have severe myelosuppression. 

This study also shows the superiority of the radiochemical method to determine GFR 
as opposed to creatinine clearance in order to monitor Pt induced renal damage. The latter 
method failed to detect a significant change in GFR after multiple courses of carboplatin. 
A possible explanation for this finding is provided by Meyer et al ( 12). A significant fall 
in GFR (median 23%) was seen after combination chemotherapy containing CDDP, wit­
hout a rise in serum creatinine. They suggested that the chemotherapy interfered with 
enzymatic systems required for creatinine production. 
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The mode of action of Pt-induced nephrotoxicity remains unknown. Offerman et al. 
(32) have shown that the acute effect of CDDP on renal function is a fall in ERPF prece­
ding a similar change in GFR. Also, in experimental models of renal failure following 
intoxication with heavy metals, in the initial phase a reduction of renal blood flow can be 
found. In our study no such phenomenon could be found, as during the first course neither 
a fall in GFR nor in ERPF was seen. Since a simultaneous decrease in both GFR and 
ERPF occurred 4 weeks after course two, we can only speculate, but not exclude, whether 
such a sequence of events did take place. Also, the intracellular presence of reactive Pt­
compounds in the kidney is suggested to relate to this toxicity (20,33). Therefore tubular 
damage might play an important role in Pt-induced nephrotoxicity. The reported renal 
uptake of carboplatin does not differ substantially from that for COOP ( 1 0,34). COOP 
induces tubular damage in most patients but we could not find signs of tubular damage 
after carboplatin administration as measured by the urinary excretion of tubular enzymes, 
because of infrequent sampling. For the evaluation of tubular damage timing of specimen 
collection plays an important role (35). As reported for cisplatin (36) and carboplatin ( 1 8), 
urinary enzymes can peak as late as several days after the administration of the drug. 
Shillen et al. (37) collected weekly specimen for the evaluation of excretion of urinary 
protein and enzymes in patients receiving multiple courses of carboplatin 400 mg/m2. In 
some of their patients urinary enzymes peaked two weeks after the administration of the 
drug. Therefore, our results might be misleading in that they were obtained for a period 
of only four hours after administration. 

We conclude from our data that carboplatin exerts dose related cumulative renal dama­
ge. Careful monitoring, especially with regard to myelosuppression, in patients with 
impaired renal function or those pretreated with Pt containing regimen is therefore war­
ranted. The observed reduction in renal function after carboplatin is in the same range 
compared to patients treated with cisplatin with saline diuresis ( 1 2) .  Although it has not 
been excluded that hyperhydration during carboplatin treatment could prevent the neph­
rotoxic effects, the value of administering this cytostatic drug on an out-patient base 
would disappear. 
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Chapter Sa 

CARBOPLATIN AND RENAL DYSFUNCTION 

To the Editor: 

Egbert F. Smit, Dirk Th. Sleijfer, Sytze Meijer, Nanno H. Mulder, 

Pieter E. Postmus 

University Hospital Groningen, The Netherlands. 

Reed and Jacob report on renal toxicity following high dose carboplatin (800mg/m2) in 
cisplatin pretreated patients with refractory ovarian cancer( I ). In three patients a substan­
tial decrease in creatinine clearance (CrCI) was seen. In nine additional patients, who 
received vigorous intravenous hydration no reductions in CrCI occurred. Mulder et al.(2) 
communicated a case history of a patient who developed renal failure after a cumulative 
dose of carboplatin of 750 mg/m2 in three days. This patient was also pretreated with a 
cisplatin containing regimen. However, carboplatin has proven to be also nephrotoxic in 
untreated patients. In the high dose study of Gore et al.(3) a fall in glomerular filtration 
rate (GFR) >25% was noticed in I 0/20 courses of carboplatin 800-1 600 mg/m2 , measured 
by [5 1Cr]EDTA clearances. We prospectively determined GFR and effective renal plasma 
flow (ERPF) in ten patients with lung cancer, treated with carboplatin 400 mg/m2 and vin­
cristine 2 mg day I and 8 every 4 weeks. Renal function was assessed after each course 
with a radiochemical method.(4). No hydration regimen were administered. A significant 
reduction in both GFR and ERPF was seen after 2 courses, ultimately leading after 5 cour­
ses to a median decrease in GFR of 19% and in ERPF of 14%. Interestingly, the cumula­
tive carboplatin dose associated with the onset of the fall in renal function parameters was 
800 mg/m2, i.e. the same dose as used in the report of Reed and Jacob(l ). The change in 
GFR and ERPF did not lead to an analogous fall in CrCI. This may account for the fact 
that in various phase I and II studies carboplatin was not identified as a nephrotoxic agent. 

The intracellular presence of reactive Pt-compounds is thought to be responsible for 
Pt induced nephrotoxicity. Pt-DNA adduct formation in the kidney by carboplatin supe­
rimposed upon already existing identical lesions due to previous cisplatin treatment may 
well account for the nephrotoxicity observed by Reed and Jacob. There seems to be a tres­
hold for this mechanism, as the cumulative carboplatin dose has to exceed at least 750 
mg/m2 before nephrotoxicity becomes apparent. Increasing impairment of renal function 
by this mode of action could be augmented by the often unavoidable use of other known 
nephrotoxic agents or in patients with pre-existing decreased renal function not due to cis­
platin treatment. Therefore, we feel that carboplatin should be administered with caution 
to all patients with compromised renal function. Whether hyperhydration during carbo­
platin treatment could ameliorate nephrotoxic effects is not yet established. However, 
such an approach certainly would restrict the use of this activ anti-cancer agent on out­
patient base. 
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Chapter 6 

A PHASE TWO STUDY OF CARBOPLATIN AND 

VINCRISTINE IN PREVIOUSLY TREATED PATIENTS 

WITH SMALL CELL LUNG CANCER 

E.F. Smit< 1 ,2l, H.H. BerendsenO l, E.G.E. de Vries<2J, N.H. Mulder<2J, P.E. PostmusO ), 
< I )Department of Pulmonary Diseases, (2JDepartment of Internal Medicine, 

Divsion Medical Oncology, University Hospital, Groningen, The Netherlands. 

SUMMARY 

Twenty-eight previously treated patients with small cell lung cancer were treated at 
relapse with carhoplatin 400 mglm2 and vincristine 2 mg day 1 and 8 every 4 weeks. Ten 
partial respo11ses (PR)(37%) were see11, 110 complete responses. Media11 survival after 
start of second line treatment was 120 (range 39-503) days. Toxicity of this regimen was 
moderate, including WHO grade 314 myelosuppressio11 in 26% of courses (11=66). Eight 
PR's were see11 i11 a subgroup of 22 patie11ts relapsing less than three months off first line 
treatment. The responses see11 in this group of patients may he due to absence of cross 
resistance between the regimen used. 

INTRODUCTION 

Small cell lung cancer (SCLC) is a rapidly progressive and ultimately fatal disease. 
Combination chemotherapy is the treatment of choice resulting in response rates up to 
95%; however, only 5-1 5% of the patients with limited disease (LD) survive beyond 
5 years (8) and patients with extensive disease (ED) are rarely cured ( 1 0, 1 2). This depres­
sing fact is caused by the development of resistance to the initially effective drugs in 
relapsing patients. Therefore, there is a great need for active second line combinations of 
cytotoxic agents. 

Carboplatin (CBDCA) is a second generation platinum analogue with little evidence 
of nephrotoxicity at dose levels used in phase II studies ( 19). Compared to its parent 
compound cisplatin, it is less emetogenic, neuro- and ototoxic, while myelosuppression, 
in particular thrombocytopenia, was found to be dose limiting (2,3,6). In contrast to cis­
platin (4), carboplatin has shown high activity against SCLC, with response rates, either 
as single agent or in combination chemotherapy, ranging from 62%-95% in previously 
untreated patients (1 ,9, 17,1 8). 
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In this study we report on the efficacy and toxicity of carboplatin in combination with 
vincristine, in previously chemotherapeutic treated patients with SCLC. The latter drug 
was selected for its non myelosuppressive character. 

PATIENTS AND METHODS 

Between June 1 986 and October 1 988 28 consecutive patients were entered in the study. 
Eligibility criteria were histological proof of SCLC, at start of treatment WBC > 
3.0x I 09/1, platelets > 1 00 x I 09/1, haemoglobin > 6.8 mmol/1 (unless lower values were 
caused by involvement of bone marrow), serum creatinine < 1 20 mmol/1, bilirubin < 25 
µmol/1, no signs of central nervous system metastases. Informed consent was obtained 
from all patients, according to local medical ethical committee regulation. For patients 
characteristics see table I. 

Table I. Patient characteristics. 

Male : Female 

Median age (range) years: 

LD : ED 
ECOG PS at start of therapy: 

0 

2 

3 
4 

Time off fir�t line treatment 

(month�). 
<I 

1-3 

>3 

number of patients 

26 : 2 
62 (46-77). 
8 :  20 

2 
7 

8 

10 

15 

7 

6 

than three months (see table I). 

Their median age was 62 years (ran­
ge 46-77 years). At start of chemothe­
rapy 8 patients had LO, i.e. confined to 
one hemithorax and supraclavicular 
nodes, 20 had ED, i.e. beyond these 
borders. All patients had relapsed after 
chemotherapy. First line treatment 
consisted for ten patients of orally ad­
ministered etoposide (E) alone, and for 
eightteen patients of cyclophosphami­
de (C), doxorubicin (D) and E intrave­
nous combination chemotherapy. Res­
ponses to first line treatment are listed 
in table II . Fifteen patients had shown 
a tumor relapse during induction treat­
ment, i.e. within one month after the 
last course of induction chemotherapy. 
Seven patients had a treatment free in­
terval between one and three months, 
whereas for six patients this was more 

Carboplatin 400 mg/m2 was dissolved in 250 ml glucose 5% and administered as a 
30 min intravenous infusion on day I .  Vincristine 2 mg was given by bolus injection on 
day I and 8. Courses were repeated every 4 weeks until disease progression for a maxi­
mum of 5 cycles. Dose adjustments were made for myelosuppression (carboplatin) or 
neurotoxicity (vincristine). 

Toxicity and response were measured according to WHO criteria (2 1 )  on day 2 1  after 
the start of every course. A complete response (CR) was defined as disappearance of all 
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measurable and evaluable lesions; a partial response (PR) was a >50% reduction in the 
product of the greatest tumor diameter and its perpendicular for all measurable lesions. 
The term stable disease (SD) was applied if there was a <50% decrease in measurable dis­
ease, or a <25% increase of tumor size. Progressive disease (PD) was defined as an 
increase by >25% in the product of perpendicular diameters of measurable lesions or the 
occurence of any new lesions. Survival was measured from the start of second line treat­
ment. Patients were considered evaluable for survival if they completed at least one cycle 
of chemotherapy. 

RESULTS 

Response and survival (table II) 
One patient had no measurable or evaluable tumor localisations, leaving 27 patients eva­
luable for response. There were no CR 's. Ten patients had a PR (37% ), including 
8 patients (36%) in the group relapsing within three months off induction treatment. Ten 
patients had SD (37%), including two patients who had marked diminishment of pleural 
fluids with subjective improvement without fulfilling criteria for response. Seven patients 
had PD, three of them died during the first cycle of chemotherapy due to tumor progres­
sion. Median survival time (MST) for the whole group (25 patients evaluable) was 1 20 
(range 39-503) days. MST for the 22 patients relapsing within three months off induction 
chemotherapy was 1 26 (range 53-503) days. 

Table II. Response to first line treatment (FLT) and response to Carboplatin Vincristine 

(CV) combination. 

F LT (no patients) Response to F LT Response to CV 

CR PR SD PR SD PD NE 

CDE (5) 4 2 2 
CDE*( l 3) I I  4 5 4 

E ( I )  I 

E*(9) 6 2 4 4 

Abbreviations used: C=Cyclophosphamide, D=Doxorubicin, E=Etoposide. 

*relapsing during treatment or within three months off first line chemotherapy (see text). 

Toxicity 

The total number of courses was 66, median 3. Thrombocytopenia and leucocytopenia 
WHO grade 3/4 occurred in 26% of courses. Dose reduction of carboplatin was necessary 
in three patients. Peripheral neuropathy was seen in 1 3  patients, leading to dose reduction 
of vincristine in 8 patients. Symptomatic therapy for nausea and vomiting was given to all 
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patients, usually with fair success as grade 2 gastrointestinal toxicity was seen in only 
1 6% of courses. None of the patients had a significant rise in serum creatinine, none com­
plained of hearing loss. 

DISCUSSION 

Postmus et al ( 14) found a total response rate of 62 % with 1 3% CR in a group of pre­
viously untreated patients treated with the same regimen as in the reported study. In pre­
vious studies of carboplatin as single agent in pretreated patients response rates varied 
between O and 1 9% ( 1 6,22). Our results show that the combination of carboplatin and vin­
cristine is an active regimen in pretreated patients with SCLC. 

Of particular interest is the 37% response rate in this group of pretreated patients. As 
Vincent et al (20) pointed out, progression after first line chemotherapy does not necessa­
rily indicate resistance in a clinical context, as patients in their material responded to 
rechallenge with the same regimen used as initial chemotherapy. The duration of a prima­
ry response might be of paramount importance for results of second line treatment; all 
patients reported by them had durations of response of at least three months (range 3-30 
months). Giaccone et al (7) retreated patients with the same regimen used as induction 
chemotherapy after a treatment free period of at least 14  weeks. They reported 2 CR and 
4 PR in a group of 1 3  selected patients. Finally Postmus et al ( 1 3) found that patients who 
had a first response of more than 34 weeks had a significantly higher probability of achie­
ving a second response as patients who had a first response of less than 34 weeks. Also, 
response duration after second line treatment was clearly influenced by time off treatment. 
From these data it seems reasonable therefore to consider patients who relapse within 
three months off treatment as clinically resistant to the initially given chemotherapy. 
Consequently, in this group of patients it is not necessary to qemonstrate resistance to the 
initially given chemotherapy before evaluating potentially non cross resistant regimen 
(20). Because 22 of the patients reported in this study relapsed during or within three 
months off induction chemotherapy, the responses seen in this group may be due to absen­
ce of cross resistance between the drugs given initially and at relapse. One might argue 
that responses seen after single agent chemotherapy as first line treatment, i.e. etoposide 
alone, are not surprising. However, MST after second line treatment with carboplatin and 
vincristine was only slightly worse for patients initially treated with combination chemo­
therapy, i .e. CDE, compared to the first group. MST for patients who received etoposide 
alone as first line treatment was 1 36 (range 60-503) days, for the latter group this was 1 1 6  
(range 53-362) days. 

A disappointing feature of the responses seen in this group of patients is that they were 
neither complete nor of long duration. This is common to almost all studies of second line 
chemotherapeutic treatment of SCLC patients. Probably the prognosis of patients with 
SCLC is denominated by the most resistant cell clones in a given tumor. Completely non 
cross resistant regimen are needed to eradicate also these cell clones; comparable to the 
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alternating regimen MOPP/ABVD in Hodgkin's disease (1 5). For SCLC alternating che­
motherapy has been disappointing so far. However, most studies that have been reported 
used regimen that had not been sufficiently evaluated for their supposed non cross resi­
stance (1 1 ). From our results it is obvious that carboplatin is a good candidate for a regi­
men to be alternated with CDE. This is supported by the fact that CDE produces responses 
in patients who relapse on carboplatin based regimen; the EORTC lung cancer study 
group reported 14  major responses in 29 patients previously treated with the latter regi­
men(5). 

As anticipated, toxicity of the regimen was predominantly myelosuppression, espe­
cially thrombocytopenia. However, there were no toxic deaths and only one patient had 
to be hospitalised because of bleeding episodes. None of the patients experienced aplasia 
related sepsis. Dose reductions were given in a minority of the patients. Nausea and vomi­
ting were seen in a majority of the patients, usually responsive to simple anti emetic regi­
men. No evidence of nephrotoxicity was seen as measured by setum creatinine. 
Neurotoxicity, probably due to vincristine was encountered in 1 3  patients. 

In summary, this study shows that the combination of carboplatin and vincristine is an 
active regimen in pretreated patients with SCLC, which may be -partially- non cross resi­
stant to CDE or E alone. Toxicity of this regimen is moderate. 
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Chapter 7 

A PHASE II STUDY OF CARBOPLATIN AND 

VINCRISTINE IN NON-SMALL CELL LUNG CANCER 

E.F. Smit< l ,2J, H.H. BerendsenO >, P.E. Postmus< I ). 
< 1 >Dept. of Pulmonary Diseases, <2>Dept. of Internal Medicine, Division of Medical Oncology, 

University Hospital Groningen, The Netherlands. 

SUMMARY 

Thirty patients with metastatic non-small cell lung cancer (NSCLC) were treated with 
carboplatin 400 mglm2 and vincristine 2 mg days 1 and 8 every 4 weeks. Five partial 
responses ( 16.7%) were seen, 110 complete responses. Median survival was 6 months. 
Toxicity was mainly non-haematological, with nausea and vomiting WHO grade ll/l/l in 
63% of courses. The incidence of mye/osuppression was low: only 4% of courses were 
associated with WHO grade ill/JV myelosuppression. Peripheral neuropathy was seen in 
50% of patients. It is concluded that the role of carbop/atin and vincristine in non-small 
cell lung cancer remains to be defined. 

INTRODUCTION 

The results of polychemotherapy in non small cell lung cancer (NSCLC) are still unsatis­
factory. During the last two decades various combination chemotherapy regimen have 
been studied in phase I I  setting. Initial reports showed for some of these combinations 
considerable response rates. However, these results could often not be confirmed in later 
studies. In the literature the overall response rate seems to be between 20 and 40% with 
few complete responnders ( 1 ). Survival is only marginally improved by chemotherapy 
when compared to supportive care only (2-4). It seems therefore worthwhile to test new 
drugs or analogues of currently available drugs with some activity again!>t NSCLC. 
Carboplatin (cis-Diammino- 1 ,  1 -cyclobutanedicarboxylato-platinum-I I )  is the one plati­
num analogue that has received widespread clinical testing in malignancies that are nor­
mally treated with cisplatin but also in others (5). Initially, carboplatin was selected out of 
over 2000 newly synthesized second generation platinum analogues because, in compa­
rison to cisplatin, it demonstrated lesser toxicity and comparable antitumor activity in pre­
clinical testing systems (6). In the clinic, carboplatin is less emetogenic, nephro-, neuro­
and ototoxic, while myelosuppression, in particular thrombocytopenia, was found to be 
dose limiting (7). The reduced toxicity is in part explained by the pharmacological profile 
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of the drug (8), but also some selective toxicity towards tumor cells compared to liver and 
renal cells may play a role (9). Single agent cisplatin ranks among the six (out of fifty tes­
ted) drugs with significant anti tumor activity in more than 15% of patients with NSCLC 
entered in phase II trials ( 10). 

In this study we investigated the efficiacy and toxicity of carboplatin in combination 
with vincristine, in patients with unresectable or metastatic NSCLC. The latter drug was 
selected for its non myelosuppressive character. 

PATIENTS AND METHODS 

Between June 1 986 and October I 988 30 consecutive patients were entered in the study. 
Eligibility criteria were histological proof of NSCLC, at start of treatment WBC > 
3.0x 109/1, platelets > I 00 x 1 09/1, haemoglobin > 6.8 mmol/1 (unless lower values were 
caused by involvement of bone marrow), serum creatinine < 120 mmol/1, bilirubin < 25 
µmol/1, no signs of central nervous system metastases. Informed consent was obtained 
from all patients, according to local medical ethical committee regulation. For patients 
characteristics see table I. 

Their median age was 54 years (range 40 - 69 years). At start of chemotherapy 1 8  
patients were classified as stage III disease, 1 3  had stage IV disease. Nine patients had 
received radiotherapy to primary tumor localizations, two patients had received radiothe­
rapy to metastatic sites only before entry into the study. 

Table I. Patient characteristics. 

Sex 
Male 
Female 

Median age (range) years 
Stage 

I I I  

IV 

ECOG performance score 
0 
I 
2 
3 

Previou� treatment 
None 
Radiotherapy 

number of patients. 

26 

4 
54 (40-69) 

1 8  
1 2  

I 
1 5  
1 0  
4 

1 9  
I I  

Carboplatin 400 mg/m2 was dissol­
ved in 250 ml glucose 5% and admi­
nistered as a 30 min intravenous infu-
sion on day I. Vincristine 2 mg was 
given by intravenous bolus injection 
on day I and 8. Courses were repeated 
every 4 weeks until disease progres­
sion for a maximum of 5 cycles. Dose 
adjustments were made for myelosup­
pression (carboplatin) or neurotoxicity 
(vincristine). 

Toxicity and response were meas­
ured according to WHO criteria ( 1 1 )  
on day 21 after the start of every cour­
se. A complete response (CR) was 
defined as disappearance of all measu­
rable and evaluable lesions; a partial 
response (PR) was a >50% reduction 

in the product of the greatest tumor diameter and its perpendicular for all measurable 
lesions. The term stable disease (SD) was applied if there was a <50% decrease in measu-
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rable disease, or a <25% increase of tumor size. Progressive disease (PD) was defined as 
an increase by >25% in the product of perpendicular diameters of measurable lesions or 
the occurence of any new lesions. Survival was measured from the start of cytotoxic tre­
atment. Patients were considered evaluable for survival if they completed at least one 
cycle of chemotherapy. 

RESULTS 

Response and survival (table II) 
One patient died due to aplasia related sepsis (TD) leaving 29 patients evaluable for response. 
All patient had measurable or evaluable tumor lesions. No CR was seen. Five patients achie­
ved a PR. One of these patients (stage Ill disease) received radiotherapy to the primary tumor 
and the mediastinum (50 Gy) while in PR after the third course. Thereafter he received 2 addi­
tional courses of carboplatin and vincristine. Two patients had a minimal response, defined 
by marked clinical improvement without fulfilling criteria for PR. Thirteen patients had dis­
ease stabilization, with a median time to progression of 5 months. Six patients had disease 
progression after one cour e of carboplatin and vincristine and three patients died during the 

Table II. Response and survival. 

Response number of patients 

Complete response 
Partial response 
Minimal response 
Stable disease 
Progressive disease 
Early death 

Survival (month range) 
All patients 
Stage I I I  disease 
Stage IV disease 

Toxicity 

0 

5 
2 

1 3  

6 

3 

6 ( 1 -27+) 

7 (2-274) 

4 ( 1 - 10) 

(%) 

( 0) 

( 1 5) 
( 7) 

(48) 
(20) 

( 10) 

first course due to disease progression. 
For survival analysis the patient 

who had TD was excluded. One pa­
tient, who received concomitant radio­
therapy is still alive 27 months after 
entry into the study. Of all but three of 
the remaining patients the dates of 
death are recorded. Median survival for 
the whole group of patients is 6 months 
(range 1 -27+ months). For patients 
classified as stage III disease median 
survival was 7 (range 2-27+) months, 
for those with stage IV disease this was 
4 (range 1 - 10) months. 

The total number of courses was 84, median 2. Trombocytopenia and leukocytopenia 
WHO grade III/IV was observed in 4 courses only (4.8%). One patient died of aplasia 
related septicemia during the first course. There were no dose reductions for carboplatin. 
Ten patients received red blood cell transfusions in the course of their treatment. 
Peripheral neuropathy presumably due to vincristine was seen in 15 patients (50%). In 
two of these patients vincristine administration was discontinued because of this toxicity, 
in the remaining 13 patients the dose of vincristine was reduced to 50%, in 6 patients after 
the second course and in 7 patients after the third or fourth course. Despite routine antie-
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metic drug administration nausea and vomiting WHO grade 11/111 was encountered in 20 
patients (63% ). There were no signs of renal or hepatic toxicities. None of the patients 
complained of hearing loss. 

DISCUSSION 

Bunn reviewed the activity of single agent carboplatin (doses up to 400 mg/m2) in NSCLC 
( 1 2). In 1 2  studies including both treated and untreated patients the overall response rate 
was found to be 7% with I %  CR 's. In most studies the median survival was not stated. Of 
particular interest is the recent report of the ECOG ( 1 3) who conducted a prospective ran­
domized trial of multidrug regimen (all containing cisplatin) versus single agent carbopla­
tin and iproplatin. Although the response rate in the group of patients treated with single 
agent carboplatin was only 9% (compared to 20% in the group of patients treated with cis­
platin base chemotherapy), median survival was the longest (3 1 weeks) in patients treated 
with carboplatin only. Single agent vincristine for NSCLC has been evaluated in two stu­
dies by Brugarolas et al. ( 1 4, 1 5) The cumulative data from these two studies results in a 
response rate of 1 2% among 65 previously untreated patients. There are no data available 
on the activity of the combination of these two drugs in NSCLC. In the study under dis­
cussion in 5 out of 29 evaluable patients ( 1 6. 7%) a PR was observed, while no CR 's were 
seen. In view of the alleged role of cisplatin as sensitizing agent with radiotherapy ( 16), 
the longstanding (27+ months) response achieved in the patient who received radiothera­
py between the third and fourth course is worth mentioning. Median survival for the who­
le group of patients was 6 months, slightly favouring patients with stage III disease 
(7 months) versus those with stage IV disease (4 months). This difference was not signi­
ficant. The survival obtained with the combination of carboplatin and vincristine is com­
parable to that obtained with cisplatin containing chemotherapy regimen. However, toxi­
city with this combination is low. There was I toxic death and WHO grade III/IV myelo­
suppression was encountered in 4 out of 84 courses ( 4.8% ). In a previous report of carbo­
platin and vincristine using the 1-ame dose schedule in pretreated patients with SCLC this 
figure was 26% ( 1 7). Non haematologic toxicities were encountered more frequently 
compared to the latter study. Both peripheral neuropathy (50%) and gastro-intestinal 
symptoms (63%) were a common complication. In conclusion, this study shows that the 
combination of carboplatin and vincristine is a regimen with a very modest activity in 
NSCLC. Response rate and median survival are comparable to results obtained with 
various multidrug regimen in this malignancy. Myelosuppression had a surprisingly low 
incidence, while non haematological toxicities especially peripheral neuropathy and nau­
sea and vomiting were common. The role of both carboplatin and vincristine in the 
management of metastatic NSCLC remains to be defined. 
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Chapter 8 

CONTINUOUS INFUSION OF CARBOPLATIN ON A 21 

DAY SCHEDULE -

A PHASE I AND PHARMACOKINETIC STUDY 

E.F.Smit0 ,2l, P.H.B.WillemseOl, D.Th.Sleijfer{ I ), D.R.A.Uges(3l, P.E. Postmus(2l, S.Meijer<4), 
P.M.A.8.Terheggen<Sl, N.H.Mulder< 1 >, E.G.E. de Vries< 1 >. 

O lDepartment of Internal Medicine, Division of Medical Oncology, <2>Department of 
Pulmonary Diseases, (3lDepartment of Phannacy, <4>Department of Nephrology, 

University Hospital Groningen, The Netherlands, <5>Neth. Cancer Institute, 
Amsterdam, The Netherlands. 

SUMMARY 

A phase I study with continuous infusion of carboplatin for 21 days every 6 weeks using a 
venous access port and portable pump was pe1formed over a dose range of 12-32 
mglm2/day, with increments of 2 mg/m2/day. Forty-four patients received 107 courses 
(median 2, range 1-9). WHO grade Ill/JV leukopenia and thrombocytopenia occurred in 1 
out of 7 pts at 30 mg/m2/day, and in 2 out of 6 and 4 out of 6 patients at 32 mglm2/day 
respectively. Cumulative platelet depression was found at dose levels of 28 mglm2!day or 
more. Median glomerularfiltration rate (GFR) and effective renal plasma flow, monitored 
by radioisotope clearances at doses ;? 20 mglm2/day, decreased 8.2% (p < 0.05) and 10.9% 
(p < 0.01 ) after 2 courses. There was a relationship (r=0.50, p < 0.0002) between percent 
platelet depression and GFR. No other toxicity was observed. Of the 1 7  patients evaluable, 
one complete response.four partial responses were observed. in addition , six patients had 
stable disease. Pharmacokinetic analysis of total and ultrafiltrable platinum (UFPt) was 
pe1formed by atomic absorption spectrophotometry. Steady state plasma levels for UFPt 
were reached after 8 hours. These levels could be detected from the 20 mglm2/day dose. 
During steady state, carboplatin dose and UFPt plasma levels were not correlated, but ste­
ady state UFPt and GFR (r=-0.27, p < 0.05) were. Twenty-four percent of total Pt was pre­
sent as U FPt during steady state (x=l 60±10 µgll). Total body clearance of U FPt exceeded 
GFR 2 .2 times. Mean area under the curve for UFPt during continuous infusion was 
4921 .8±301 . 72 mg.mini!. For total Pt steady state plasma levels were not reached: total Pt 
plasma levels increased between day 7 and day 21 (p < 0.0001 ). There was a significant 
relation between total Pt serum levels day 7, 14 and 21 and the drug dose administered. 
lmmunohistochemical analysis of DNA bound Pt in leukocytes showed a linear increase 
from day 7 to day 14 to day 21 (r=0.97) between DNA bound Pt and duration of infusion 
in individual patients. The maximum tolerable dose of carboplatin is 30 mglm2/day for 
21 days (total dose 630 mglm2) and is recommended for phase II studies. 
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INTRODUCTION 

One of the reasons for the inability of chemotherapeutic regimes to produce substantial cure 
rates in solid tumors is thought to be ineffective drug dosing or scheduling ( I ,  2). One way 
to overcome this problem, may be the administration of chemotherapy by continuous infu­
sion, which has been under extensive study in the recent years. The rationale to undertake 
such studies is provided by cytokinetic and pharmacologic considerations (3, 4). The cispla­
tin analogue carboplatin seems to be a good candidate for prolonged continuous infusion. In 
vitro data suggest for carboplatin (5, 6) as well as for cisplatin (5, 7-9) that prolonged low 
dose exposure does increase cell kill. Once bifunctionally bound to DNA, the mode of action 
of carboplatin is not different from cisplatin ( I 0), but the platinum (Pt) induced DNA lesions 
(DNA interstrand cross-links) appear later ( 6- 1 2  hours) after incubation of cell suspensions 
with carboplatin compared to cisplatin ( 1 1  ). Several factors, such as the lower chemical reac­
tivity of carboplatin compared to cisplatin and altered intracellular handling of the drug may 
account for this phenomenon, but a decreased or slower uptake of carboplatin could also play 
a role. In addition, adduct formation may be a cell cycle specific phenomenon ( 1 2). As non 
protein bound Pt, ultrafiltrable Pt (UFPt), is especially responsible for the cytotoxic DNA 
lesion of carboplatin ( 1 3, 14 ), cytotoxicity may be enhanced by expanding the exposure 
duration of cells to UFPt. Currently no evidence suggests that any schedule of carboplatin 
has a superior therapeutic index ( 1 5 ). Cisplatin toxicity can be modified by different methods 
of administration. Compared to bolus injection continuous infusion schedules produce sub­
stantially less nephro- and neurotoxicity, even with dose increment ( 1 6-2 1 ). The purposes of 
this study were to determine the maximum tolerable dose of carboplatin in a 2 1 -day conti­
nuous infusion schedule and to characterize clinical toxicity. Plasma pharmacokinetic stu­
dies were performed and Pt-DNA adduct levels were measured in leukocytes of patients 
during continuous infusion. 

MATERIALS AND METHODS 

Patients and chemotherapy 

Forty-four patients were entered in the study between July 1 987 and August 1989. All 
patients had histologically proven advanced cancers and were considered refractory or resi­
stant to standard therapies. In addition all patients met the following criteria: ( I )  Age from 
2 1  to 75 years. (2) Eastern Cooperative Oncology Group (ECOG) performance status of � 3. 
(3) estimated life expectancy of :2: 2 months (4) serum creatinine level � 1 .45 mg/di and/or 
glomerular filtration rate (GFR) :2: 60 ml/min (see below) (5) serum bilirubin level � 2.0 
mg/di (6) leukocyte count :2: 3x I 09/1 (7) platelets :2: I O0x 1 09/1. No patient had received anti­
neoplastic treatment during the 3 weeks before entry. Informed consent was obtained from 
all patients. The study was approved by the Medical Ethical Committee of the University 
Hospital Groningen, The Netherlands. At the time of entry the following studies were per-
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formed in all patients: full physical examination, complete blood cell counts, electrolytes, 
liver and renal function, chest X-ray and ECG. 

For continuous infusion an implanted venous access port (Infuse-A-Port™) and a por­
table pump (Graseby Medical MS 1 6a ™) were used. A 20 ml Luer Lock syringe with car­
boplatin (Bristol Myers, Weesp, The Netherlands) was connected to the port via an exten­
sion tube and a Huber point needle. The syringe was replaced with freshly constituted car­
boplatin solution every 48 hours. Patients formulated and reconstituted the drug at home 
(22). With suitable HPLC methods (23) we proved that the carboplatin stock solution ( 10  
mg/ml 5% glucose) was stable for a t  least 4 weeks a t  40c and that the carboplatin for con­
tinuous infusion (stock solution diluted with 5% glucose to a volume of 1 7  ml) was stable 
for at least three days at room temperature. The whole treatment was performed on an out­
patient basis (24). 

The study was started at a dose of 1 2  mg/m2/day for 2 1  days, since this is equivalent 
to 250 mg/m2, a dose which has no reported major toxicity when given as a bolus (25). 
Courses were repeated after a three week therapy free interval if no disease progression 
was evident and no unacceptable toxicity was encountered. The dose was escalated with 
2 mglm2/day if no unacceptable toxicity was seen in any of three patients treated at that 
dose level. Unacceptable toxicity, using the World Health Organization (WHO) grading 
system (26) was defined as any parameter reaching grade III toxicity, except neurotoxicity 
(limit grade II), while any degree of alopecia was considered acceptable. Doses were not 
escalated in the individual patient. During each 21 day course, complete blood cell count, 
electrolytes, liver and renal function were measured weekly. During the three week thera­
py free interval toxicity was evaluated at least on days 37 and 42 since the start of chemo­
therapy. On days O and 42 of each cycle ECG and chest X-rays were performed. 

Starting at the 20 mg/m2/day dose level GFR and effective renal plasma flow (ERPF) 
were studied at time of entry into the study and between days 7 and 14 after each course. 
GFR and ERPF were measured simultaneously in supine position with radioisotopes. 
ERPF was determined by measuring the clearance of 1 3 1 1-hippuran and GFR by the cle­
arance of 1 251-iothalamate. After a standard primary dose and sustaining infusion for two 
hours, two hour clearances were determined. Values are the mean of two 2 hours clearan­
ces (27). 

To be evaluable for response, the patient with measurable disease had to be followed 
for at least 6 weeks since the start of treatment. Tumor measurements were obtained at 
entry and after two treatment cycles, or when there was evidence of disease progression 
after or during a course of carboplatin. Complete response (CR) indicated the documented 
disappearance of all signs and symptoms of detectable tumor and no development of new 
lesions. A partial response (PR) was defined as a decrease of at least 50% in the sum of 
the products of the two largest perpendicular diameters of all measurable lesions and no 
concomitant occurrence of new lesions. The situation in which no change or decrease of 
less than 50% of the sum of the products of the two largest perpendicular diameters of 
measurable lesions occurred was defined as stable disease. Disease progression was defi­
ned as a 25% increase in the aforementioned lesions. 
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Sampling procedure 

At every weekly outpatient visit blood specimen were obtained. At the 30 mg/m2/day dose 
level, additional samples (1 ,2,3,4,5,6,8, 1 2,24,36,48 and 72 hours) were taken in three 
patients during the first infusion days as well as after completion of the first cycle 
( 1 ,2,3,4,5,6,8, 1 2,24,36,48,72 hours). All samples were collected in heparinized tubes 
(Venoject®) on ice. Samples were centrifuged ( 1 500 g for 5 min at ambient temperature) 
and 2 ml of plasma were ultrafiltrated (4470 g for 60 min at ambient temperature) with an 
Amicon Centifree TM micropartition system provided with YMT membranes (Amicon, 
Oosterhout, The Netherlands) in order to generate UFPt samples. The plasma and plasma 
ultrafiltrate were stored at -2()oC to await analysis. 

From duplicate blood samples obtained at the same time points as described above 
white blood cell suspensions were generated with lysis of erythrocytes with ammonium 
chloride on ice, according to previously published techniques (28, 29). 

Analytical procedure 

Pt concentrations in plasma (total Pt) and UFPt were determined by flameless atomic 
absorption spectrometry (AAS) (30). The amount of Pt was determined with a model 
1 275 atomic absorption spectrophotometer with background correction using a Deuteri­
um lamp and a GTA-95 graphite tube atomizer and an autosampler. Plasma samples for 
determination of total Pt were analyzed after 3: I dilution in a I %  solution of 23 Laury) 
Ether 30% in order to avoid matrix effects. A callibration curve was made in the same 
organic matrix. Because we expected the UFPt plasma levels to be below the lower detec­
tion limit of I 00 µg/1 by this method, we devised an extraction method for UFPt. In short, 
Pt was extracted from the ultrafiltrate by adding I ml potassium iodide ( I  Mol/1), 2ml 
methanol, 5ml dithizone reagent (0.2mMol diphenylthiocarbazone/L chloroform) and 1 
ml sulfuric acid 50% to I ml ultrafiltrate. All chemicals were of reagent grade. Samples 
were vortexed for IO sec, shaken for 20 min in a shaking apparatus and centrifuged for 5 
min at 1 500 g; the organic phase was collected and dried under nitrogen at 50°C. The Pt 
containing residue was thereafter dissolved in 200 µI dimethylformamide. The amount of 
Pt was determined as described above. By this method Pt from carboplatin is extracted 
from ultrafiltrates for 100% (Coefficient of variation 5% at 0.5 mg/I fetal calf serum). The 
lower detection limit for UFPt is 2 µg/1. 

Quantitation of Pt-DNA adduct formation 

From the isolated leukocyte suspensions cytospin preparations were made. Pt-DNA ad­
ducts were visualized and quantitated by an immunocytochemical method developed by 
Terheggen et al. with some minor modifications (31 ). 

Pharmacokinetic and statistical analysis 

For postinfusion pharmacokinetics, the plasma concentrations of UFPt and total Pt from 
each patient were subjected to pharmacokinetic analysis using a computer analysis pro­
gram (32). The program includes a correction for infusion time (33), and a statistical ana-
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lysis comparing the accuracy of models containing different numbers of phases (34 ). For 
plasma area under the curve (0 � 00 min) (AUC) determination during continuous infu­
sion, a linear relationship was found to show the best fit between time and drug level befo­
re steady state was reached in the three patients treated at 30 mg/m2/day. Their AUC for 
UFPt was calculated using the trapezoidal rule. A three compartment model was found 
the best fitting model for elimination of UFPt and a two compartment model for total Pt 
post continuous infusion. For AUC for UFPt calculation in the patients for whom 4 data 
points (t = 0, 7, 1 4  and 21 days) were available two assumptions were made. First, the time 
to reach steady state plasma levels (8 ± 0.2 hours, see results section) was extrapolated 
from the three patients mentioned above to the whole group of patients. Secondly, for cal­
culation of the part of the AUC of UFPt in the post continuous infusion phase, which 
represents less than 1 % of the total curve, elimination half lives found in the three patients 
of whom a complete curve was obtained were used. 

Statistical significance was determined with the Student's t-test for the difference 
between the mean of two samples, Wilcoxson 's test was applied to renal function parame­
ters. Values of p ;:::  0.05 were considered not significant. 

RESULTS 

The clinical characteristics of the patients entered in this protocol are summarized in Table 
I. Two patients had received previous cisplatin containing chemotherapy. The 44 patients 
were treated with one to nine courses (median two) for a total of 107 courses. All patients 
completed at least one course of carboplatin and all but one patient are fully evaluable for 
toxicity. 

Toxicity 

Myelosuppression was dose limiting in this schedule. Nadir counts of leukocytes and pla­
telets occurred between days 28 and 40, platelet nadirs preceded leukocyte nadirs for 
about one week. In most patients recovery had occurred at day 42 of each cycle to allow 
for a second course. Twelve courses ( 1 1  %, eight patients) had to be postponed for a 
median of seven days because of insufficient bone marrow recovery. Up to a dose level of 
30 mg/m2/day no unacceptable toxicity was seen during the first cycle, except for one 
patient (leukocytopenia WHO grade III) treated with 24 mg!m2/day who had a documen­
ted intercurrent viral infection. In addition, 2 patients, treated with 1 6  mg/m2/day and 20 
mg/m2/day had leukocytopenia WHO grade III during their third cycles. Details of hae­
matological toxicity for doses 28-32 mg/m2/day are summarized in Tables II and III. At 
30 mg/m2/day leuko- and thrombocytopenia grade III/IV occurred in one out of seven 
patients ( 15 courses). In three out of six patients entered at the 32 mg/m2/day dose grade 
III/IV haematological toxicity was encountered in the first course and therefore the study 
was finished at this dose level. One of these patients had trombocyte count of l 8x 1 09/J at 
day 28, and leukocyte count of 0.7x 1 09/] at day 34. Because of tumor progression no furt-

67 



Table I.  Clinical characteristics of patients treated with 
continuous infusion carboplatin (n=44). 

Median age (range) 
Sex 

Male 
Female 

ECOG performance status 
0 

2 
3 

Primary site 

number of patients 

57 (21-69) years 

30 
14 

9 

I I  
13 
I I  

Esophageal/Gastric carcinoma I 0 
Bronchial carcinoma I 0 
Genito-urinary carcinoma 9 
Adenocarcinoma of unknown primary 7 
Pancreatic carcinoma 3 
Colon carcinoma 2 
Soft tbsue sarcomas 3 

Previous treatment 
None 22 
Chemotherapy 13 
Radiotherapy 2 
Radiotherapy + Chemotherapy 7 

her outpatient visits were 
performed. The patient died 
under unknown circumstan­
ces at home day 37. In the 
three additional patients tre­
ated at this dose level no 
haematological toxicity was 
seen during their first cour­
se. However, two of these 
three patients experienced 
grade IV thrombocytopenia 
in their second respectively 
third course of carboplatin. 
None of the patients had to 
be hospitalized for neutr­
openia associated infection. 
Prophylactic platelet trans­
fusions were administered 
to four out of the six patients 
described above, none had 
symptomatic bleeding epi­
sodes. Eight patients, treat­
ed at various dose levels re­
quired red blood cell trans-
fusions. Evidence of cumu­
lative bone marrow sup­

pression was seen after two cycles in patients receiving carboplatin 28 mg/m2/day or 
more. At these doses there was a significant (p < 0.05, Wilcoxson's test for paired samp­
les) difference in percent reduction in rombocyte count after the second course as compa­
red to the first course (n= 1 7), indicating cumulative bone marrow toxicity. No such diffe­
rences could be found for leukocyte counts or haemoglobin. A relationship between per­
cent platelet depression induced by carboplatin and GFR (r=0.50, p < 0.0002) (fig. I )  
could be established, but not with AUC's for UFPt (r=0.22, p > 0.5). 

Table II. Haematological toxicity: No. courses associated with WHO toxicity grade: 

2 3 4 2 3 4 2 3 4 

Dose no pts. no courses leukocytes thrombocytes haemoglobin 

28 mg!m2 3 8 2 0 0 I 4 0 0 3 0 0 0 
30 mg/m2 7 15 8 0 0 2 3 0 I 5 0 0 0 
32 mg/m2 6 14 0 3 0 3 3 5 2 0 0 
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Table III. Haematological toxicity: Median nadir counts (range) x 109/L. 

course I course 2 course 3 

Dose leukocytes thrombocytes leukocytes thrombocytes leukocytes thrombocytes 

28 mg!m2 3.4 1 22 3.8, 4.8 54, 72 4.5 72 
(2.6-7.3) ( 1 1 9- 1 30) 

30 mg/m2 3.0 1 87 3.7 1 55 3.5, 5.7 1 6 1 ,  369 
(2.2-6.9) (9-376) (3.2-5.7) (60-320) 

32 mg/m2 2.4 42 5.6 1 22 3.4 49 
(0.7-6.8) ( 1 2-223) (5.0- 14.8) (30-229) (2.2-4.0) (20- 1 1 8) 

No other major toxicity was found. In particular, there was no hepatic, renal toxicity 
(as measured by the WHO grading system, but see also below), neuro- or ototoxicity. 
Mild nausea (grade I )  occurred in 1 4  patients and responded to simple anti-emetics, for 
instance oral metoclopramide 30 mg/day. Partial alopecia was seen in one patient 
(24 mg/m2/day). All patients treated with 20 mg/m2/day or more (n=28) were evaluable 
for renal function assessed by a radiochemical method. Following the first course of car­
boplatin there were no significant changes in GFR and ERPF. After two courses, or a 
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Figure 1. The relationship between glomerular filtration rate (ml/min) and percent reduction in 
platelet counts. Each point represents an individual patient. 
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cumulative dose of 840-1 344 mg/m2, there was a significant fall in both GFR (median -
8.2%, range -5.0 - -2 1 .9%, p<0.05) and ERPF (median 1 0.9%, range -7.2 - -29.6%, 
p < 0.0 1 ). Within this dose range no dose related renal toxicity could be demonstrated. 
The small number of patients receiving three or more courses did not allow for further 
analysis of renal function parameters. 

Regarding catheter complications, vena cava superior syndrome was seen in two 
patients. In one patient treatment had to be discontinued because of a obstruction of the 
brachiocephalic vein. Temporary catheter occlusion, for a maximum of 32 hours, was 
seen in 1 1  'fo (n= 12) of the courses. Although the patients prepared the carboplatin solution 
for infusion at home themselves, septicemia was not observed. 

Tumor response 
Out of the 17 patients who were evaluable for response, five responses ( I CR, 4 PR) were 
noticed, including a PR in one patient with ovarian cancer. The latter patient had previous­
ly received a total cumulative dose of 600 mg/m2 cisplatin and obtained a disease free 
interval of 1 8  months. The five responding patients are summarized in Table IV. In addi­
tion, six patients had stable disease with a median time to progression of four months. Six 
patients with measurable disease had disease progression after one course. 

Table IV. Tumor response (no evaluable patients = 17). 

Primary site Carboplatin dose Response 

Lung (squamous) 1 6  mg/m2/day PR 
Ovary 1 8  mg/m2/day PR 
Cervix (adeno) 20 mg/m2/day CR 
Lung (adeno) 30 mg/m2/day PR 
Carcinoma of the 
papil la of Yater 32 mg/m2/day PR 

Pharmacokinetics 

Response duration 

5 months 
3 months 
6 months 
3.5 months 

6+ months 

All treatment courses were evaluable for pharmacokinetic analysis in regard to total Pt. 
UFPt pharmacokinetics could be analyzed in 60 courses (27 patients) starting from the 
20 mg/m2/day dose. During continuous infusion of carboplatin at 30 mg/m2/day both total 
Pt and UFPt became detectable after 2 hours. A linear increase in UFPt was seen until 
after 8 ± 0.2 hours steady state concentrations for UFPt were reached. Up to 24 hours after 
start of infusion an average of 85% of total Pt was present as UFPt (n=3). Thereafter a gra­
dual increase was seen in the relative amount of protein bound Pt, reflected by the decre­
asing percentage UFPt at days 7 (29.6±2.10%) (x±SE), 14 (2 1.6±2.00%) and 2 1  
20.8±1 .  7 1  % ) for the whole group of  patients (n=27). During the infusion period a mean 
of 24.5%±1.7 1 % of total Pt was present as UFPt (n=27}, but there was considerable inter­
and intrapatient variability. The mean UFPt plasma concentration during steady state was 
160±10  µg/1 (n=27). During steady state there was no significant relationship between 
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dose and mean UFPt plasma level (r=0. 1 7, p > 0.1 9). The plasma AUC of UFPt was also 
dose independent in the dose range studied; the mean AUC of UFPt was 492 1 .8±301 .72 
mg.min/I (n=60). During subsequent courses plasma AUC of UFPt did not differ signifi­
cantly from the first course in the 1 7  patients receiving two courses or more. A weak rela­
tionship (r=-0.28, p < 0.05) could be established between AUC of UFPt and GFR (fig.2). 

Assuming linear pharmacokinetics, total body clearance (CLtb) (dose/A UC) and GFR 
were correlated (r=0.40, p < 0.002) (fig.3). The mean (SE) of CLtb for UFPt was 248.3 
(1 3.0 1 )  ml/min; approximately 2.2 times the GFR (mean (SE) I 1 5  (2.92)). After cessation 
of therapy (30 mg/m2/day) plasma UFPt levels were detectable for 24 hours and showed 
a triexponential decay with t l/2a. of 43.5 min., t l/28 of I I 1 . 3  min. and tl/2y of 1 382.7 
min (n=3). 
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For protein bound Pt steady state plasma concentrations were not reached during the 
infusion period. There was a significant increase (p < 0.000 I )  in total Pt plasma levels 
between days 7 and 21. Postinfusion plasma levels of total Pt showed a biexponential 
decay, with terminal half life of > 7 days (n=3). Total Pt could be detected for at least 21 
days post infusion, accumulation of protein bound Pt was found in all patients receiving 
more than one course. In contrast to UFPt plasma levels, there was a significant relation­
ship between total Pt plasma levels days 7, 14 and 21 and the dose administered (fig.4 ). 
Total Pt plasma levels (first courses) ranged from 100- 800 µg/1 (day 7), 100-1080 µg/1 
(day 14) and 300-1400 µg/1 (day 21). There was a significant negative correlation 
between GFR and total plasma Pt concentration at day 2 I ( end of infusion) (r=-0.45, p < 
0.002) (fig.5) . 
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Figure 5. The relationship between glomerular filtration rate (ml/min) and plasma total 
platinum levels day 21 (mg/I). Each point represents an individual patient. 

Quantitation of Pt-DNA adduct formation 

Figure 6 shows the relationship between nuclear staining density, which reflects Pt-DNA 
binding, and dose of carboplatin administered in five patients. There was a linear rela­
tionship (r=0.97) between dose and nuclear staining density on day 7, day 14 and day 21 
for individual patients. No evidence of saturation of Pt-DNA adduct formation or of an 
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equilibrium between DNA repair processes and adduct formation (as expressed by steady 
state levels of the latter) was found. There was no correlation between dose administered 
or AUC for UFPt and nuclear staining density. In fact, the patient with the highest AUC 
for UFPt had the lowest adduct level throughout the infusion period. 
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Figure 6 .  The relation,hip between the carboplatin do�e adminbtered (mg/m2) and platinum­
DNA adduct level (Arbitrary Units) in leukocyte,. Each point represents the nuclear staining 
den<;ity ± SE, in a single patient, as measured by microdensitometry in 20-30 nuclei from two 
cytospin slide�. 

DISCUSSION 

Carboplatin hal> been evaluated in phase I studies in several schedules. The most frequent­
ly studied schedule is a single dose repeated every four to five weeks. Also 24 hour con­
tinuow, infm,ion (35), daily times five (36, 37) and weekly times four bolus (38) schedules 
were investigated. In this phai;e I study patients were treated continuously during 2 1  days 
with carboplatin. Doi.e limiting thrombocytopenia and leukopenia occurred at 32 
mg/m2/day (cumulative dose 672 mg/m2). At 30 mg/m2/day (cumulative dose 630 
mg/m2), grade I I I/IV myelosuppression was seen in one out of six patients. Nadirs of pla­
telets and leukocytes tended to occur at the end of the three week treatment free interval. 
Thui;, courses cannot be repeated sooner than every six weeks. In individual patients 
cumulative myelosuppression occurred from carboplatin doses of 28 mg/m2/day or more. 
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It should be stressed that at 30 mg/m2/day, nausea did not exceed grade I and vomiting 
was not encountered. A similar dose of carboplatin (600 mg/m2) given as a single bolus 
(35, 39) or daily times five scheme (625 mg/m2) (36) produces grade III/IV thrombocy­
topenia in 1 00%, and severe gastrointestinal toxicity (grade III/IV) in the majority of 
them. The recommended dose of carboplatin given as a single bolus infusion is 400-450 
mg/m2, for good risk patients ( 1 5). At this dose level thrombocytopenia grade III/IV oc­
curs in 0-75% of patients, and nausea and vomiting grade II or more in > 40% of patients 
(40-49). Thus, with continuous infusion it is possible to deliver a higher total dose of car­
boplatin with less toxicity compared to a single bolus infusion. A similar phenomenon 
was noticed by Rozencweig et al (36) and Van Echo et al (37) investigating daily times 
five bolus infusion. From the point of view of dose intensity, it is apparent that with con­
tinuous infusion it is possible to deliver the same dose intensity, e.g. 1 00 mg/m2 carbopla­
tin/week, as with bolus infusion schedules, but with less toxicity as pointed out above. 

Special attention was paid to renal function impainnent. Using the WHO grading sys­
tem, there was no evidence of renal toxicity. In a previous report (50) we found, after a 
cumulative dose of 800 mg/m2 of carboplatin given as a bolus infusion (IO patients), a sig­
nificant fall in both GFR (median 1 9%) and ERPF (median 14%) as measured by radioi­
sotope clearances. Notably, there was no fall in endogenous creatinine clearances, a fin­
ding confinned by others measuring renal function impainnent after cisplatin containing 
regimen (5 1 ,  52). In the present study a less pronounced but still significant decrease in 
GFR (median 8.2%) and ERPF (median 1 0.9%) after two courses (cumulative dose 840-
1 344 mg/m2) was seen. Although the exact mode of Pt induced renal toxicity remains 
unknown, one may speculate, analogous to cisplatin, that this toxicity is associated with 
maximum peak plasma levels of Pt (2 1 ). The absence of peak levels of UFPt with conti­
nuous infusion could explain the lesser degree of renal toxicity compared to our previous 
study with bolus carboplatin. We did not perfonn renal function studies following cessa­
tion of treatment. Therefore, we cannot exclude the possibility of recovery of GFR and/or 
ERPF to baseline levels, as was observed by Hardy and coworkers (53) for GFR (meas­
ured by 5 1CrEDTA clearances) following treatment with high dose carboplatin ( I gr/m2) 

after a treatment free interval of 3 months. 
We were able to establish a significant relationship between percent reduction in pla­

telet counts and GFR. Egorin and coworkers (54) correlated renal function and carboplatin 
induced thrombocytopenia. Furthennore, Calvert et al. (55) saw predictable hematologi­
cal toxicity based on target AUC and 5 1CrEDTA clearances in a prospective study. In con­
trast, Colombo et al. ( 4 1 )  using the same fonnula as Egorin et al. (54 ), found that toxicity 
of carboplatin in pretreated patients can be quite variable, even after dose adjustments for 
creatinine clearances. 

No data are available concerning phannacokinetics of continuous infusion of carbo­
platin in contrast to bolus infusion carboplatin, which has been the subject of several 
reports (37, 39, 40, 54, 56-62). Plasma steady state levels of UFPt during continuous infu­
sion were reached after 8 hours, that is approximately 4.5 times the calculated post infu­
sion 8 half life. The high percentage of UFPt during the first 24 hours of infusion (85%) 
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reflects the slow protein binding rate of carboplatin. Harland et al. (57) reported an in 
vitro half life of 30 hours for free carboplatin. During steady state aproximately 25% of 

total Pt was present as UFPt, confirming the low protein binding rate of carboplatin repor­

ted by others. In contrast to literature data concerning bolus infusion of carboplatin, the 

AUC for UFPt did not significantly increase in the dose range studied (420 mg/m2-672 

mg/m2). However, total Pt plasma levels (dose range studied 252 mg/m2·672 mg/m2) did 

increase with dose, which is in concordance with literature data. Currently, we have no 

conclusive explanation for the absence of increment of AUC for UFPt with dose. This 

may be due to the relatively narrow dose range studied and the low serum levels of UFPt 

in comparison with single bolus administration. In three patients studied for post infusion 

pharmacokinetics a triexponential decay in plasma levels for UFPt was found, with a and 

B half lifes comparable to those reported in the literature (43.5 min and 1 1 1 .3 min), but 

also with a long y half life of more than 20 hours. This third elimination phase may repre­

sent the continuous release of Pt ftom proteins. Alternatively, the discovery of a y phase 

may be due to the extraction method used for UFPt, which has a lower detection limit of 

2 µg/1. In general, detection limits for Pt measured by AAS are in the range of 1 00 µg/1, 

and for HPLC methods 0.5- 1 0  µg/ml. Several authors have found that CLtb for UFPt cor­

relates with GFR (54, 57, 63), but others (6 1 ,  58) could not find consistent relationships. 

In this study the mean CLtb for UFPt was approximately 2.2 times the GFR. This is a con­

sistent finding throughout the literature concerning pharmacokinetics of carboplatin (6 1 ). 

CLtb for UFPt was also correlated with GFR. Given the single measurement of GFR 

during one six week period, we feel that there is sufficient evidence that pharmacokinetics 

of carboplatin are not significantly altered by extending the infusion period to 2 1  days. 

Our study is the first study where plasma Pt data and Pt-DNA adduct formation levels 

are simultaneously obtained. In the five patients who are evaluable for Pt-DNA adduct 

formation in leukocytes, there was a linear dose response relation in the individual patient. 

Despite low levels for UFPt in plasma, an ongoing platination of DNA in leukocytes was 

observed. No steady state levels were reached during the 2 1  day infusion period. Also, no 

correlation could be found between UFPt plasma steady state level and nuclear staining 

density. Because the numbers are small this observation remains to be confirmed in a lar­

ger series. In a previous study with a similar continuous infusion schedule with mitoxan­

trone (64), the amount of drug accumulated in leukocytes also increased significantly 

during the infusion period, in presence of pla�ma steady state levels. For antitumor acti­

vity the intracellular Pt levels are probably more important than plasma levels. When cul­

tured cell lines, made resistant to cisplatin in vitro, are compared to the cell lines they were 

derived from, the resistant cells generally have lower levels of Pt-DNA binding (65, 66). 

Reed et al. (67) have shown that Pt-DNA adducts in leukocyte DNA correlate with tumor 

response in ovarian cancer patients receiving cisplatin or carboplatin based chemotherapy. 

Patients who had a response on chemotherapy had higher median adduct levels than those 

who showed no response. In an earlier report by the same group (68) it was shown that 

cisplatin-DNA adduct levels increased in a dose dependent fashion. The removal of cis­

platin induced Pt-DNA adducts in circulating leukocytes appears to set in rapidly after end 
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of infusion. Fichtinger-Schepman et al (69) observed a decrease of more than 50% in the 
number of intrastrand DNA cross-links in peripheral leukocytes within the first 24 hours 
after cisplatin infusion in six patients. In these studies plasma pharmacokinetic data of Pt 
were not provided. 

We may conclude that the optimal dose of carboplatin in a continuous infusion sche­
dule for 2 1  days is 30 mg/m2/day. Hematological toxicity is clearly reduced compared to 
bolus administration and non hematological toxicities are less pronounced. Pharmaco­
kinetics of carboplatin are not altered by this method of drug delivery, with a possible 
exception of a third elimination phase. Pt-DNA adduct formation in leukocytes increased 
during the whole infusion period. Whether continuous infusion has advantage over bolus 
infusion in efficacy should be evaluated in prospective trials. The number of responses 
seen in this phase I study may justify such an approach. 
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Chapter 9 

PHASE I STUDY OF 21 DAYS CONTINUOUS INFUSION 

WITH VINDESINE 

E.G.E. de VriesO l, E.F.SmitOl, D.E.M.M.Vendrig<2l, J.J.M.Holthuis(2l, N.H.MulderO l .  
( I )Division of Medical Oncology, Department of Internal Medicine, 

University Hospital Groningen, (2lDepartment of Pharmaceutical Analysis, 
Faculty of Pharmacy, Utrecht, The Netherlands. 

Vindesine (VDS) is a semi-synthetic vinca alkaloid. Continuous infusion schedules have 
resulted in an improved therapeutic index for this, as well as for related alkaloids (1 6, 1 0, 
8). Continuous administration of the drug over a few days allowed augmentation of the 
dosage of VDS without increasing toxicity. Responses were seen with continuous infu­
sion in tumors resistant to bolus injections of vinca alkaloids ( 1 1 ,  1 2).  The rationale for 
such schedules has been based on the relatively short plasma half life of VDS in phar­
macological studies (9), and the fact that vinca alkaloids are cell cycle specific drugs. We 
performed a study of a 21 day continuous infusion of VDS administered with an ambula­
tory pump. 

Eligibility criteria for the study were: age 2 I-75 years, no prior treatment with vinca 
alkaloids, normal blood count, bilirubin < 35 mmol/1, creatinine < 1 30 µmol/1, absence of 
neurological disorder and Kamofsky score > 60. For continuous infusion an implantable 
venous access port (7) (Infuse A Port) and a portable pump (Graseby Medical MS 1 6Atm 
syringe driver) were used. A 20 ml luer lock syringe with VDS dissolved in 0.9% NaCl 
was connected to the port via an extension tube and a Huber point needle (7). Patients for­
mulated the VDS at home and replaced syringes every other day in order to assure drug 
stability. Treatment was performed on an outpatient basis as described before (5). A star­
ting dose of 0.2 mg/m2/day for 21 days VDS was chosen, followed by a 3 weeks rest 
period. Toxicity was evaluated according to WHO, on days 7, 1 4, 21 , 31 and 42 since start 
of therapy. Unacceptable toxicity and therefore abolishment of treatment was defined as 
neurotoxicity grade 2 and/or any other parameter reaching grade 3 toxicity according to 
the WHO grading system ( 15) .  For pharmacokinetic analysis blood samples were drawn 
at 1 9  hrs, 40 hrs, 8, 1 3  and 1 4  days after start and 24 hrs after cessation of therapy. The 
concentration of VDS in plasma was determined with HPLC and electrochemical detec­
tion according to Vendrig et al. ( 14). 

In four patients (see table I for patient characteristics) therapy with VDS, dose 
0.2 mg/m2/day dose was started. Hematological toxicity was limited, only one patient 
developed leukopenia grade 1 .  Liver function disturbances due to VDS were not seen. 
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Neurotoxicity was the major complication and led to drug withdrawal in 3 patients during 
the first course, whereas the fourth patient did not have any sign of neurotoxicity. In the 
second week of treatment these 3 patients started to complain about pain in the legs and 
knees and progressive muscle weakness. They had problems climbing staircases or wal­
king more than a few meters, despite cessation of treatment. Eventually one patient was 
so severely disabled that she had to use a wheel-chair. After cessation of therapy muscle 
strength was regained in all patients over a period of 3-4 weeks. Two of these three 
patients had in addition severe one-sided jaw pain, and one had low back pain and the fee­
ling as if being battered. Jaw pain started also in the second week, the patient needed anal­
gesics, and the pain subsided after treatment discontinuation. None complained about 
paresthesias in the upper or lower extremitie� or had so on physical examination. Signs of 
autonomic neuropathy were not seen. 

Plasma concentrations of VDS were determined in patient number I (table I). After 19  
and 40 hrs and 8 days infusion the concentrations of the samples were 0.5, 0.6 and 0.8 ng 
VDS/ml, respectively. The concentration of VDS in samples taken during infusion (days 
1 3, 14) and after the cessation of therapy were below the determination limit. 

Table I. Patient characteristics. 

Number Sex Age Diagnosb Days of treatment Total cumulative 
dose administered 

I F 68 Renal cell carcinoma 1 4  4.3 mg 
2 F 6 1  Renal cell carcinoma 1 6  5.6 mg 
3 M 56 Gastric carcinoma 2 1  9.45 mg 
4 F 42 Malignant melanoma 1 9  7.0 mg 

In various studies with VDS ( 1 6, I 2, 1 1 ,  2, 4) it is shown that 5 day continuous infu­
sion makes it possible to administer a higher drug dose with similar or less toxicity com­
pared to bolus injection. Dose limiting side effects were hematologic and neurological 
toxicity. Been et al. ( I) found more profound neurotoxicity with repeated courses. Gratia 
et al. (6) found, in a weekly VDS schedule, that the degree of neuropathy was related to 
the total dose of VDS received. In one of these studies muscle pain, arthralgias, jaw pain 
and the feeling of being battered were described as side effect. 

In a study with prolonged infusion of vinblastine (median duration 30 days, maximum 
81 days) no neurological toxicity was seen ( I 0). Dose limiting side effect was leukopenia 
and maximum tolerated dose 0.75 mg/m2/day vinblastine for 30 days. In our study, the 
intended 0.2 mg/m2/day for 21 days could not be administered in three out of four patients 
due to neurotoxicity. The total dose administered in these patients (mean 5.6 mg) if admi­
nistered as bolus injection does usually not lead to neurotoxicity. Pharmacokinetic analy­
sis performed in one patient, showed no plasma accumulation of VDS during the 1 4  days 
treatment period of the patient. This does, however, not exclude accumulation of the drug 
in nerve of muscle tissue. In a pharmacokinetic analysis of a 5 days infusion regimen (9) 
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there was also no accumulation of the drug found. The area under the curve (AUC) cal­
culated for a patient with a hypothetical steady state plasma level of 0.8 ng/ml (the highest 
level detected in one of our patients) is still smaller than the AUC in the 2 day infusion 
(total dose 5.4 mg) or bolus injection (total dose 4.0-5.0 mg) found by others (9, 1 3) .  In 
the study of Jackson (1 1 )  only mild neurotoxicity was seen. 

It can be concluded that VDS cannot be administered safely for 21 days at the low dose 
of 0.2 mg/m2/day. Therefore VDS infusion for longer periods does not seem to result in a 
more favorable dose/toxicity ratio. Due to severe neurotoxicity this regimen is not recom­
mended for further studies. 
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Chapter 10 

IN VITRO RESPONSE OF HUMAN SMALL CELL LUNG 

CANCER CELL LINES TO CHEMOTHERAPEUTIC 

DRUGS; NO CORRELATION WITH CLINICAL DATA3 

E.F. Smit0 ,2), E.G.E. de Vries< l l, L.F.H.M. de Ley(3), J.W. Oosterhuis<4), R.J. Scheper(5), 
J. Weening(4), P.E. Postmus<2), N.H. Mulder( I ). 

O lDept. of Internal Medicine, Division of Medical Oncology, (2lDept. of Pulmonary Medicine, 
<3lDept. of Clinical Immunology, <4lDept. of Pathology, University Hospital Groningen, 

The Netherlands. (5)Dept. of Pathology, Free University Hospital Amsterdam. 

SUMMARY 

Three cell lines derived from tumors of patients who had no clinical response after treatment 
with a multi drug regimen were compared to three cell lines derived from tumors of patients 
who, upon treatment, showed a clinically complete response. These two groups of cell lines 
were considered to represent the in vitro counterparts of the t wo extremes of the clinical 
spectrum of sensitivity for chemotherapeutic drugs in small cell lung cance1: To assess 
whether the in vivo (in)sensitivity of a tumor to a certain drug regimen is retained in vitro, 
the cell lines were tested for drug sensitivity using the micro titerwell tetrazolium assay and 
the results were compared with the in vivo data. No correlation was found. Since in vitro 
models using cell lines are based on the assumption that a cell line reflects the properties of 
the tumor from which it is derived several additional parameters such as monoclonal anti­
body staining pattern and DNA content were analy:ed in the biopsies and the cell lines. The 
results show that selection of discrete cell populations during in vitro culture may occw: 

a This study was supported by grant GUKC 86-0 1 .  

Abbreviations 

SCLC = 

CR 
FCS 
MTA = 

MTT = 

PBS = 

MoAb = 

MOR = 

TBS = 

small cell lung cancer. 
complete response. 
fetal calf serum. 
MTT assay 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide. 
phosphate buffered saline ( 0. 14  M MaCI, 2.7 mM KCI, 6.4 mM Na2HP04.2H20 
and 1 .5 mM KH2P04, pH 7.4). 
monoclonal antibody. 
multi drug resistance. 
tumor biopsy specimen. 
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INTRODUCTION 

Small cell lung cancer (SCLC) accounts for 20-25% of newly diagnosed cases of lung 
cancer ( I ). It is characterized by the early and widespread occurrence of metastases and 
rapid progression of disease. Human SCLC provides a good model to study the problems 
of initially unresponsive tumors. The vast majority, about 90-95%, of patients with SCLC 
show major responses to chemotherapeutic agents of different classes (2). However, 
5- 1 0% of patients present with a tumor that is initially unresponsive to most commonly 
used cytotoxic agents. Invariably, these patients die within several weeks. Tumors of the 
latter group of patients may be designated intrinsically resistant in terms of the Goldie­
Goldman hypothesis, as opposed to the initially sensitive tumors that are present in the 
former group (3). The aim of the present investigation is to study if this in vivo pheno­
menon is also reflected in vitro. 

MATERIALS AND METHODS 

Chemicals 
Doxorubicin was provided by Farmitalia Carlo Erba, Milan, Italy. Cisplatin and Etoposide 
were obtained from Bristol Myers S.A.E., Madrid, Spain, Vincristine (Oncovin) from Eli 
Lilly S.A., St. Cloud, France and Melphalan from Wellcome, London, Great Britain. Fetal 
calf serum was from Flow Laboratories, Irvine, Great Britain, RPMI was obtained from 
Gibco, Paisly, Great Britain. MTT was obtained from Sigma, St. Louis, MO. 

Cell lines 
Three cell lines GLC 3, GLC 12 and GLC 20 were established from patients who had no 
measurable response on chemotherapy. GLC 3 was derived from a pleural effusion of a 
61 year old male and has been described before (4). In short the clinical course of this 
patient was as follows: he received two course� of Cyclophosphamide (750 mg/m2) day 
I ,  Cisplatin (75 mg/m2) day 1 and Etoposide ( I 00 mg/m2) day 1 ,3,5 q 3 weeks. Since no 
response was seen, chemotherapy was changed then to Doxorubicin (60 mg/m2) day 1 ,  
Vincristine ( 1 mg/m2) day 1 and 8 and Procarbazine ( I 00 mg/m2) days 1 -10  q 3 weeks. 
After two courses of second line chemotherapy the tumor was still clearly progressive and 
at that time GLC 3 was established from the pleural effusion. The patient died 14 weeks 
after the start of chemotherapy. GLC 1 2  was derived from a 64 year old male who recei­
ved four courses of Cyclophosphamide ( I 000 mg/m2) day 1 ,  Doxorubicin ( 40 mg/m2) day 
1 and Vincristine ( 1 mg/m2) days I and 8 q 3 weeks. The tumor showed no change on 
chest X-rays. A thoracotomy was performed and a lymph node metastases was found 
adherent to the pulmonary artery. From this lymph node GLC 1 2  has been established. 
Radiotherapy (37 .5 Gy) was administered to the left hilar region and mediastinum, which 
again induced no measurable tumor regression. This patient died with extensive liver 
metastases 33 weeks after start of chemotherapy. GLC 20 was derived after 6 courses of 
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chemotherapy cons1stmg of Cyclophosphamide ( I 000 mg/m2) day I ,  Doxorubicin 
(40 mg/m2) day I and Vincristine ( I  mg/m2) days I and 8 q 3 weeks. The tumor of this 
67 year old male showed no regression and became progressive within a few weeks after 
chemotherapy had been stopped. A biopsy was taken of the primary tumor by broncho­
scopy and the cell line made. The patient died 28 weeks after the diagnosis of SCLC. The 
cell lines GLC 1 4, GLC 22 and GLC 33 were established from patients who showed cli­
nically complete remissions (CR) after chemotherapy. The patient history of GLC 1 4  has 
been described elsewhere (5,6). In short, GLC 1 4  was established from a supraclavicular 
lymph node of a 55 year old female which was removed before chemotherapy. After five 
courses of Cyclophosphamide ( I 000 mg/m2) day I ,  Doxorubicin ( 45 mg/m2) day I and 
Etoposide ( I 00 mgfm2) days 1 ,3,5 q 3 weeks a clinically CR was reached. The tumor 
relapsed after a 3 1  weeks disease free interval and the patient died 86 weeks after start of 
chemotherapy. GLC 22 was derived from the primary tumor site (right lower lobe) of a 
50 year old male prior to chemotherapy. The same chemotherapy regimen as indicated for 
the patient from which GLC 14 was established was administered. A clinical CR was 
achieved after five courses. This patient died from brain metastases 71 weeks after the 
diagnosis of SCLC. GLC 33 was established from a 62 year old female with a supracla­
vicular lymph node metastases present at the time of diagnosis. After two courses of che­
motherapy as described under GLC 1 4, a CR was reached, the patient received addition­
ally 3 courses. Eventually she died 47 weeks after the start of chemotherapy. 

The cell lines were maintained in of 5% CO2, 95% air at 37 °c. GLC 3, GLC 20 and 
GLC 1 4  were kept in culture in RPMI 1 640 medium supplemented with 1 0% heat inacti­
vated fetal calf serum (FCS). The growth medium for GLC 1 2, GLC 22 and GLC 33 was 
SCLC2 medium made according to the method of Minna et al (7). In addition the medium 
was supplemented with 3% FCS. GLC 3, GLC 1 4  and GLC 33 grow partly attached and 
partly floating in aggregates. GLC 1 2, GLC 20 and GLC 22 grow exclusively floating in 
aggregrates. The culture doubling time for GLC 3, GLC 1 2  and GLC 20 was 25 , 72 and 
49 hrs and for GLC 1 4, GLC 22 and GLC 33 26, 44 and 32 hrs. For all experiments, cells 
were incubated I :  I for 5 min with 0.02% EDTA solution ( 0.35 g NaHCO3, 8 g NaCl, 0.4 
g KCI, I g dextrose, 0.2 g EDTA, 1 .0 I H2O) to prepare a cell suspension containing small 
clumps with a viability as determined by trypan blue exclusion of > 75% for all cell lines. 
All cell lines were tested between passages 20 and 50. 

MTT assay (MTA) 

The MTA as described by Mossman (8) and Carmichael et al (9) was used with some 
minor modifications ( I 0). Before the assays were performed a linear relationship of cell 
number to MTI formazan crystal formation was checked. The relationship between see­
ding density, incubation volume and incubation period was established for each cell l ine 
separately after growth studies. Optimal seeding densities were I 0.000 cells/well  (GLC 
20), 20.000 cells/well (GLC 33), 25.000 cells/well (GLC 1 2, GLC 22), 30.000 cells/well 
(GLC 3) and 35.000 cells/well (GLC 1 4). Total volume of incubation was 1 00 µI (GLC 3, 
1 4  and 20) and 250 µI (GLC 1 2, 22 and 33).  Culture periods were 4 days (GLC 1 4) ,  5 
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days (GLC 3), 8 days (GLC 33), 11 days (GLC 20), 16 days (GLC 12) and 22 days (GLC 
22). Plates containing GLC 12 and 22 were centrifuged at 180 g for 10 min on day 7 (GIC 
12 and GLC 22) and day 14 (GLC 22), 100 µI of medium were removed from each well, 
after which 100 µl of fresh medium were added again. In this way, it was assured that all 
cell lines had been cultured in the test plates for two to three cell divisions and were in 
exponentional growth phase at the time of testing. The appropriate number of cells was 
incubated in 96-well cultureplates (nunc. Gibco) in culture medium to which one of the 
following agents was added for 1 hr: Doxorubicin, Cisplatin, Vincristine, Etoposide, 
Melphalan. All drug stock solutions were diluted with RPMI 1640 medium to reach the 
desired concentrations. Melphalan was used as a substitute for Cyclophosphamide as 
Melphalan does not require endogenous activation (11 ). For X-Ray treatment (Philips X­
Ray source operated at 200 kV, 15 mA, 0.5 mm Cu/A filter) cells were placed in plastic 
tubes in a volume of 500 µI. After irradiation the cells were transferred to 96-well culture 
plates. Combination chemotherapy was simulated in vitro by incubating each cell line 
with a combination of drugs. To this aim the separate drug concentration resulting in I 0% 
growth inhibition (1D 10) for each cell line was determined. Then the cell lines were incu­
bated with combination of drugs, using drug concentrations at the prior established 1D 10 

for each individual drug. 
After incubation, cells were washed three times with fresh medium by centrifugation 

of the microtiter plates at 180 g for IO min. Following the subsequent culturing period (for 
different time periods for different cell lines as determined before) 20 µl of MTT solution 
(5 mg/ml PBS) were added to each well and the cells were incubated at 37 °C for 165 min. 
Thereafter the plates were centrifuged at 180 g for 15 min and the supernatant was care­
fully removed without disturbing the formazan crystals. Cells grown in the SCLC2 medi­
um (GLC 12, GLC 22, GLC 33) were washed once with PBS. This step was introduced 
because this medium caused a turbidity with dimethyl sulfoxide probably due to bovine 
serum albumin. Subsequently the formazan crystals were solubilized by adding 200 µI 
100% dimethyl sulfoxide. All plates were scanned at 520 nm immediately after resolubi­
lizing of the formazan crystals using a scanning microtiterwell spectrophotometer 
(Titertek Multiscan, Flow lab). The percentage cell survival was calculated by the formu­
le: mean of the test samples/ mean of three untreated samples. Controls consisted of media 
without cells (background extinction) and cells incubated in wells with medium only. For 
each drug, drug combination and X-Ray treatment at least three experiments were perfor­
med, each in quadruplicate. 

Cellular Doxorubicin level 
Cellular Doxorubicin levels were determined after I hr incubation in appropriate medium 
at 37°C, using at least I x  I 06 cells. To correct for extracellular bound Doxorubicin control 
samples were incubated at o·c for 5 min. The incubation period was terminated by was­
hing the cells three times with ice cold PBS, and extracted with 0.3 N HCl-50% overnight. 
After centrifugation the fluorescence was measured in the supernatant in a Kontron spec­
trotluorometer at excitation and emission wavelenghts of 474 and 549 nm respectively 
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( 1 2) .  Intracellular Doxorubicin levels were calculated by substracting the values meas­
ured at 0°C from the corresponding levels measured at 37°C. 

Tumor biopsy specimen 
The original tumor biopsy specimen from which the cell lines were derived, except GLC 
3, which was derived from a pleural effusion, were split in three. One part was used for 
routine pathological procedures, one part for establishment of the cell line and a third part 
was snap frozen in OCT compound in liquid freon and kept at -80°C until use. This last 
part was used for immunohistological examination of the tumor cells with monoclonal 
antibodies and DNA flow cytometry. Normal histological examination showed that the 
tumor biopsy specimen associated with GLC 1 2  and GLC 1 4  consisted of almost pure 
tumor material, the remaining tumor biopsy specimen were admixed with normal tissue, 
but consisted for at least of 25% tumor cells. All tumor biopsy specimen were immuno­
stained with monoclonal antibodies, whereas DNA flow cytometric analysis was possible 
only with two specimen, namely tumor biopsy specimen of GLC I 2 and GLC 22. 

Monoclonal antibodies (MoAb) 
Cryostat sections from frozen tumor biopsy specimen were made. Immunostaining was 
performed on these sections and on cytospin preparations of cell lines according to pre­
viously described methods ( 1 3) . MoAb directed against different SCLC associated anti­
gens have been generated by one of us (L.de L.). These antibodies are reactive with anti­
gens expressed in normal and malignant tissues with a neuroendocrine differentiation sta­
te (MOC- I ,  MOC-2 1 ,  MOC-32, MOC-5 1 ,  MOC-52) ( 1 4- 1 6) and an antibody reactive 
with tissues with an epithelial differentiation state (MOC-3 1 ). Three MoAb directed 
against intermediate sized filament proteins were also included in the study. RGE 53, 
directed against cytokeratin I 8 ( 1 7) ,  Vim, directed against vimentin ( 1 8) and MNF, a 
MoAb directed against the 2 1 0  and 68 kD components of neurofilaments ( 1 9,20). Vim 
and MNF are non-reactive with normal bronchial epithelia. RGE 53 reacts with normal 
bronchial columnar epithelium and type 2 pneumocytes. Also leu-7, a MoAb directed 
against an natural killer cell associated antigen (2 1 )  was tested. The expression of the 1 70 
kD P-Glycoprotein was investigated using two antibodies; C-2 1 9  and JSB- I as developed 
by Ling et al.(22) and Scheper et al.(23) respectively. 

DNA Flow Cytometry 
Frozen biopsy specimen were processed using the detergent-trypsin method developed by 
Vindelov et al (24,25) .  From the specimen from which GLC 1 2  and GLC 22 were esta­
blished and the six cell lines, nuclei were isolated and stained with propidium iodide. 
Flow cytometry was performed with an Ortho ICP flow cytometer. Trout red blood cells 
were stained with propidium iodide and used as an internal reference for all samples. A 
cryostat section was made from the same biopsy to check cell composition of the samples 
his to logically. 
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RESULTS 

In vitro drug sensitivity 
Cell survival curves are shown in figures 1 -6. In table I the drug concentration and X-ray tre­
atment resulting in 50% growth inhibition (ID50) relative to GLC 12, for practical purposes, 
is calculated. Also depicted are the results of combination of drugs relative to GLC 12 at prior 
established IDIO. For all drugs tested there was a wide variation in sensitvity, e.g. for 

Table I. X-ray (rad) and drug concentration resulting in 50% growth inhibition and 
cell survival following combination of drugs at prior established ID10 (see 
text). Numbers are relative to GLC 12. 

GLC 1 2* 3* 20* 1 4** 22** 33** 

X-ray 3 1 5  rad 1 .4 1 .5 I . I  0.7 I .  I 

Adriamycin 0. 1 nM 1 80 1 90 650 33 35 
Cisplatin 650 nM 369.2 1 1 5.4 1 538.5 1 2.3 1 7.2 
VP 1 6-2 1 3  380 nM 8.3 3.2 > 1 38.9 0.6 2. 1 
Vincristine 946 nM 33.3 3.2 67.0 1 .0 1 .4 
Melphalan 1 3 1  nM 32. 1 7.8 1 78.5 1 .9 0.9 
Combination 1 74 %2 1 .09 0.93 1 .04 0.97 0.9 

* post-treatment derived from non-responding patients, 
** pre-treatment derived from patients showing complete response after chemotherapy. 

2 

Drugs used in combination were: Melphalan, Cisplatin and Vp 1 6-2 1 3  for GLC 3; 
Melphalan, Adriamycin and Vincristine for GLC 1 2  and GLC 20; Melphalan, Adriamycin 
and Vp 1 6-2 1 3  for GLC 14, GLC 22 and GLC 33. 
Number is expressed as % of controls (see text). 

Doxorubicin ID50 covered a 3 log range. Also, there was no correlation for sensitivity of indi­
vidual drugs with the clinical data. GLC 12  proved to be the most sensitive for 3 out of 5 drugs 
tested, whereas it originated from a patient who had progressive disease despite chemothera­
py. In contrast, GLC 14, derived from a patient who reached a clinical CR, was the most resi­
stant for all drugs tested. Experiments using a combination of drugs also failed to show a 
dichotomy between cell lines derived from non responders versus complete responders. Drug 
testing at this level did not show differences between these two groups of cell lines. 

Cellular Doxorubicin content 
Cellular Doxorubicin content after I hr incubation with various concentrations is shown 
in figure 7. GLC 14 and GLC 3, cell lines relatively resistant to Doxorubicin compared to 
GLC 12 had the highest cellular Doxorubicin content. On the other hand, GLC 20 and 
GLC 3, cell lines with a comparable resistance factor relative to GLC 1 2, but GLC 20 had 
a significant lower cellular Doxorubicin content as GLC 3 at high incubation concentra­
tions. Cellular Doxorubicin content after incubation concentrations close to the ID50 of 
the cell lines, i.e. 0.5 µM, did not reveal significant differences. 
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Immunohistochemistry of tumor biopsy specimen and cell lines (Table I I )  
Original tumor biopsy specimen were available for all corresponding cell lines except for 
GLC 3. Immunohistochemical analysis revealed only minor differences between the 
tumor biopsy specimen and their corresponding cell lines. An antigen recognized by leu-
7 was present on most tumor cells in culture, whereas it was invariably absent in the tumor 
biopsy specimen. Two MoAb reactive with intermediate filaments (MNF and Vim) 
showed positive staining with a small number of tumor cells in culture in all cell lines, 
with the exception of GLC 33 where there was no staining with Vim. In contrast, only in 
two tumor biopsy specimen, tumor biopsy specimen 20 and tumor biopsy specimen 1 4, 
tumor cells were present reactive with these two MoAb. The neuroendocrine related anti­
gens recognized by MoAb MOC- I ,  MOC-2 1 ,  MOC-32, MOC-5 1 and MOC-52 as well as 
the epithelial antigen detected by MOC-3 1 were present in tumor cells in culture and 
showed similar staining patterns in their related tumor biopsy specimen. Also, no eviden­
ce of expression of the multidrug resistance related 1 70 kD P-glycoprotein as detected by 
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the MoAb C-219 was found, neither in the tumor biopsy specimen nor in the cell lines. 
Staining of the cell lines and the tumor biopsy specimen with the MoAb JSB-1 showed 
positive intra-cytoplasmatic reactivity with GLC 3, GLC 20, GLC 14, GLC 22, and the 
tumor biopsy specimen 20 and 22. However, the number of cells reactive with JSB-1 
varied with the passage of the cell line in vitro from total absence to 5-10% weak positive 
cells. 

Table II. lmmunostaining of cell lines and corresponding tumor biopsy specimen (TBS). 

GLC3 GLC 1 2  TBS I 2  GLC20 TBS20 GLC I4 TBS 14  GLC22 TBS22 GLC33 TBS33 

MNF < 1 %  < 1 0% + < 1 %  < 1 0% < 1 %  + < 1 %  -
Vim +f < 1 %  < 1 0% - < 1 %  < 1 %  < 1 %  

RGE53 ++ ++ ++ + + ++ + + ++ 

MOC! ++ ++ ++ +++ +++ ++ ++ ++ ++ ++ +++ 

MOC2 1 ++f + ++ + ++ ++ ++ + < 1 0% ++ ++ 

MOC3 1 ++ +++ ++ +++ +++ +++ ++ +++ +f +++ +++ 

MOC32 + ++ ++ ++ ++ ++ ++ ++ + ++ +++ 

MOC5 1 + ++ < 10% +f + + + ++ ++ 

MOC52 ++f + ++ + + + ++ +f < 1 0% ++ ++ 

leu7 ++ ++ +++ ++ + + < 1 0% 

C-2 1 9  

JSB-1 + + <5%f <5%f - < 1 %  < 1 %f -

+ = <50%, 
++ = 50-75%, 
+++ = 75- 1 00% of positive tumor cells, 
f = focal. 

DNA flow cytometry 
The results are shown in table III. In tumor biopsy specimen 12 two tumor cell popula­
tions as defined by their DNA index were present. These indexes were 1.19 and 1.53 
respectively. In contrast, in GLC 12 only one tumor cell population with a DNA index of 
1.55 could be detected. In GLC 22 and its related tumor biopsy specimen the reverse was 

Table Ill. DNA index of cell lines and tumor biopsy specimen (TBS). 

GLC 3 1 .47 

GLC l 2  1 .55 TBS 1 2  1 . 1 9 - 1 .53 

GLC 20 2.07 

GLC 1 4  1 .76 

GLC 22 1 .05 - 1 .95 TBS 22 1 .75 

GLC 33 1 .00 
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seen. In this tumor biopsy specimen one tumor cell population with DNA index of 1.75 
was present. In GLC 22 two tumor cell populations with DNA indexes of 1 .05 and l .95 
could be distinguished. 

DISCUSSION 

This study shows that results of drug sensitivity testing using the MTA performed on cell 
lines derived from patients with clinically resistant tumors and clinically sensitive tumors 
do not necessarily correlate with clinical data obtained from these patients in terms of 
tumor response to chemotherapeutic drugs, as can be inferred from figures 1 -6. 

There are only a few reports of comparisons between clinical response and in vitro 

tests using bronchial carcinomas. Berendsen et al.(5) described the in vitro response, 
using the fast green assay, of three cell lines, including GLC 1 4, obtained from one patient 
during longitudinal follow-up. In their material the pretreatment derived cell line, i.e. 
GLC 1 4, turned out to be the most sensitive cell line, whereas the cell line obtained imme­
diately after induction chemotherapy was most refractory to some of the drugs tested. 
They concluded that the series of cell lines described might provide a relevant in vitro 

model to study (development of) drug resistance in the clinic. Retrospective studies using 
the MTA such as reported by Carmichael et al. (26) suggest that differences in tumor che­
mosensitivity between pretreated patients in contrast to untreated patients with SCLC 
may be simulated in vitro. Others, using smaller number of established cell lines found 
similar results (27 ,28). 

Resistance to chemotherapeutic agents has been associated widely with the emergence 
of a 170 kD membrane glycoprotein, the so called P-glycoprotein (29). It acts as a drug 
efflux pump for several structurally unrelated drugs (30). Recent studies have shown that 
resistance mediated by P-glycoprotein is very unlikely to account for the majority of tre­
atment failures in SCLC. Using slot blot analysis of MDR I RNA encoding for P-glyco­
protein, Goldstein and coworkers (3 1 )  were unable to detect MDR I RNA in 2 1  SCLC cell 
lines. In experimental systems, like our own GLC/Adr SCLC cell line with a stable resi­
stance factor of 44 for Doxorubicin, no evidence of expression of P-glycoprotein could be 
demonstrated (32). In the cell lines under discussion no evidence was found of the presen­
ce of P-glycoprotein as detected by C-2 19. Although in some cell lines and tumor biopsy 
specimen there was strong intracytoplasmatic reactivity with the MoAb JSB- 1 ,  the rele­
vance of this finding is not clear (23). In the cell lines studied, those with the highest ID50 

for Doxorubicin had the highest intracellular Doxorubicin content after one hour incuba­
tion (fig 7). Differences in cell size (33) and compartimentalization of Doxorubicin (34) 
may account for this phenomenom, but were not studied. An alternative explanation may 
be enhanced DNA repair capacity in the cell lines with relatively high Doxorubicin con­
tent and high ID50 for this drug in the MTA. This mechanism is known to be operative in 
several reported experimental systems (35,36). 
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The most likely explanation why the in vivo response differed from the in vitro respon­
se to cytotoxic drugs and X-ray treatment in our study is because apparently selection of 
tumor cell populations in culture has been taken place in at least 2/6 cell lines tested. 
Whether the tumor biopsy specimen are representative in this regard for the tumor as a 
whole in the patient is an additional question that cannot be answered. Nonetheless, we 
feel that a reasonable explanation for the observed differences of in vitro and in vivo sen­
sitivity to cytotoxic drugs is due to selection of tumor cells in culture. Years ago, this phe­
nomenon was already observed by Berry et al (37). Engelholm et al (38) report on the 
genetic instability of a single human SCLC cell line measured by serial DNA flow cyto­
metric analysis. These results seems to be contradicted by two reports from the National 
Cancer Institute concerning small cell lung cancer cell lines (39,40). They concluded that 
tumor cells cultured in vitro retain their original DNA-indexes based on analysis of 65 cell 
lines. Notably they also stated that these cultured cells are thus useful for drug sensitivity 
analysis. However, some of the cell lines reported appear to have an unstable DNA-index 
after multiple passages in vitro. Therefore, although in general DNA contents of cell lines 
may reflect those of the tumors from which they were initiated, this may not hold true for 
all cell lines. 

Immunohistochemical analysis of cell lines compared to original tumor biopsy speci­
men revealed only slight differences (Table I). In contrast to Berendsen et al.( 4 1 )  who 
found loss of neuroendocrine differentiation antigens as detected by MOC-2 1 and MOC-
32 in SCLC patients with relapsing disease and no response to chemotherapy, we found 
no meaningful differences between the 'sensitive' and ' resistant' cell lines and tumor 
biopsy specimen. 

In conclusion, the results of our study show that chemosensitivity testing in cell lines 
using the MTA is not a proper tool to simulate clinical drug sensitivity in vitro for SCLC. 
This is probably due to selection of subpopulations of tumors in vitro, as expressed by a 
change in DNA content in some of the cell lines after several passages in culture compa­
red to the tumors from which they were initiated. Therefore, extrapolation of results of in 

vitro chemosensitivity testing with a similar model for individual patients as suggested by 
Carmichael (26), should be interpreted with caution. 
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Chapter 11 

LIMITATIONS OF THE FAST GREEN ASSAY FOR 

CHEMOSENSITIVITY 

TESTING IN HUMAN LUNG CANCER 

E.F. Smit0,2), E.G.E. de Vries<2J, C. Meijer<2l, N.H. Mulder<2l, P.E. PostmusOJ. ( l )Dept. of 
Pulmonary Medicine, (2)Dept. of Internal Medicine, Division of Medical Oncology, 

University Hospital Groningen, The Netherlands. 

SUMMARY 

Selection of patients with lung cancer who are most likely to benefit from chemothera­
peutic treatment would be a substantial step f01ward. Therefore, a prospective study in 
predictive chemosensitivity testing in vitro using the fast green assay ( FGA) as developed 
by Weisenthal et al. was carried out. Sixty-six pretreatment tumor specimen were obtai­
ned; the majority by means of bronchoscopy ( n=42 ). Due to an initially insufficient yield 
of tumor cells (n=l9 ), dead cells in control samples after4-day culture (n=l 5 ), contami­
nation (n=7) and laboratory failure (n=2), only 23 (38.9%) samples were successfully 
tested. In 14136 patients a comparison between in vitro and in vivo response was possi­
ble. Taking into account the number of failures, this number of successful assays does not 
allow for any conclusion regarding accuracy of the FGA. We conclude that the FGA has 
limited usefulness in in vitro chemosensitivity testing of human bronchogenic cancer. 
Future directions for predictive testing in vitro are discussed 

INTRODUCTION 

The chemotherapeutic management of human lung cancer requires careful balancing 
between potential benefits and predictable side effects. Especially in non small cell lung 
cancer (NSCLC} this is obvious, because most chemotherapy regimen will produce 
responses in only a modest proportion of patients (1). Moreover, the effect on survival, 
also in those patients who are responding to chemotherapy, is limited. As a consequence 
the administration of cytotoxic drugs to patients suffering from this malignancy on a trial 
and error base is questioned by several authors (2-4). In small cell lung cancer (SCLC) 
most patients show impressive responses to combination chemotherapy regimen (5). 
However, in the vast majority of patients the tumor relapses, and not all patients will bene­
fit from second line treatment (6). Thus, selection of patients with inoperable lung cancer 
who are most likely to have any benefit of cytostatic treatment would constitute a substan­
tial step forward. Therefore we performed a feasibility study for a prospective trial of pre-
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dictive chemosensitivity testing on fresh tumor biopsy material in patients with lung can­
cer. 

MATERIALS AND METHODS 

Tumor cell preparation 
Fresh human lung cancer material was processed as described in a previous report (7). 
Briefly, fresh human tumor specimen were placed in RPMI 1640 medium and 1 0% fetal 
calf serum (FCS) with penicillin ( 1 25 U/ml), streptomycin ( 1 25 µg/ml) and amphotericin 
B ( I  µg/ml). If necessary the specimen were grossly minced with scalpels and scissors. 
Since it is unnecessary to obtain single cell suspensions for the dye exclusion assay (8), 
excessive trauma was avoided. The cell suspension was incubated with 0. 1 % collagenase 
and 0.003% DNase for at least I hour at 37°C. Cells from malignant effusions were pret­
reated with a buffer (8.29 g NH4CI, 1 .0 g KHCO3, 0.0372 g Na2_EDTA/L distilled water) 
in order to lyse red blood cells. Cells from bone marrow aspirates were collected in hepar­
in (5000 U/L) containing tubes. The number of viable nucleated cells was quantified by 
means of trypan blue exclusion. Based on our previous experience a minimum number of 
4x I 05 viable cells was considered nece!.!.ary to perform a control and three drug treated 
cultures. 

Drugs 
Yincristine for infusion (Eli Lilly, Indianapolis, USA) was dissolved in phosphate 
buffered saline (PBS) and kept at 4 °C at twenty times the desired concentration for a 
maximum of two weeks. Carboplatin for infusion (Paraplatin, Bristol Myers, Weesp, The 
Netherlands) was dissolved in glucose 5% at a concentration of 10 mg/ml and kept at 4 
°C for a maximum of 7 days. 

Drug sensitivity assay 
The fast green assay (FGA) as described by Weisenthal et al (8-1 1 )  was used with some 
minor modifications (7). The cells were resuspended in fresh Dulbecco's Modified 
Eagle's Medium (DME)/F 1 2  ( 1 : 1 )  supplemented with 20% FCS with a minimum concen­
tration of I os cells/ml with I 05 fixed chicken red blood cells as internal standard and incu­
bated for I hour at 37 °C with vincristine 0.5 µg/ml, carboplatin 1 8.5 µg/ml and combi­
nation of these two drugs using the same concentrations. Untreated controls were incuba­
ted with the solvent used instead of the drug. After incubation, cells were washed three 
times with PBS and resuspended in 2.5 ml of fresh medium (DME/F 12, 20% FCS) in poly­
propylene tubes for a short term culture period of 4 days under a humified atmosphere of 
95% air, 5% CO2 at 37 °C. At day 4, cells were stained with I %  Fast Green for 10 min 
and sedimented onto microscope slides using a Cytospin centrifuge (550 rpm, 5 min) and 
counterstained with a modified haematoxylin-eosin technique. Under the microscope 
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dead cells stain green and the fixed chicken red blood cells which are oval and nucleated 

stain predominantly green. Living cells retain their characteristic appearance with hae­

matoxylin-eosin. The fixation of the internal standard of the chicken red blood cells  was 

performed as described before (7). A successful assay was defined as an assay in which 

at least 1 00 viable and recognizable neoplastic cells were present on the control slides and 

in which a result could be obtained for all drug treated samples ( 1 1  ). The ratio of living 

tumor cells over fixed chicken red blood cells was determined for each triplicate of cen­

trifuge slide of drug treated cells. Results are expressed as percentage of untreated con­

trols. A 30% cell survival was used as the cutoff between 'response' and 'resistant' in 
vitro (9). 

RESULTS 

In vitro chemosensitivity testing 
Sixty-six pretreatment tumor specimen were obtained. Table I shows the origin and his­

tology of the specimen. Most were obtained by fiberoptic bronchoscopy (n=20) or by rig­

id bronchoscopy (n::e22). In all patients at least one biopsy was taken for histopathological 

diagnostic procedures and as many as possible for predictive testing. Fifteen of the bron­

choscopy specimen ( 1 3  SCLC) and 8 of otherwise obtained specimen (all SCLC) were 

taken from previously treated patients. 

Table II shows the results of the FGA. Finally, 34.8 % (n=23) of the specimen were 

evaluable for chemosensitivity testing in vitro. (23 .8% of the bronchoscopy specimen, 

54.2% of the other specimen). The advantage of rigid bronchoscopy over fiberoptic bron­

choscopy consists of the potential of the former method to obtain larger biopsies. This is 

immediately shown by the fact that failure to perform a FGA on fiberoptic bronchoscopy 

specimen due to an initial insufficient number of cells was encountered in 60% (n= 1 2) of 

specimen (n=20). For the rigid bronchoscopy specimen this number was 22.7% (n=5). 

The median number of cells obtained with fiberoptic bronchoscopy was 1 .5 x I 05 (range 

0- 1 .4 x 1 06), median viability 7%, and with rigid bronchoscopy 7.0 x 1 05 (range 2.7 x 1 04· 

9 x I 06), median viability 1 6%. As in our previous study, a high percentage of cell death 

in control cultures after four days was found (table 2). In 25% (n= 1 1 ) of the bronchoscopy 

Table I. Origin and histology of the tumor specimens. 

Number of specimens SCLC NSCLC 

Rigid bronchoscopy 22 8 1 4  

Flexible bronchoscopy 20 1 0  1 0  
Lymph node metastases I I  9 2 
Malignant effusions 8 5 3 

Bone marrow aspirates 5 5 0 
Total 66 37 29 
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specimen all cells in the control samples were dead after four days culture, which made 
drug evaluation impossible in these specimen. The mean number of cells obtained from 
the other specimen was 4.9 x l06 (range 4.4 x 104 - 4.3 x l 07) with a viability above l 0% 
(range 5-96%). In this group there were only two failures due to an initial insufficient 
number of cells. Three specimen were not evaluable due to infection and two due to labo­
ratory failure. In four specimen all cells were dead after four days culture. These figures 

Table II. Results Fast Green Assay of tumor specimens. 

Bronchoscopy specimens Other specimens 

Number 
Evaluable with FGA 
Failure FGA due to: 

ro 
> 

> 

::J 
(/) 

initial insufficient number 
of cells 
contamination 
after 4 days all cells dead 
in control culture 
laboratory failure 

200 

1 60 

1 20 

80 

40 

0 

42 4 
I O  1 3  

1 7  2 

4 3 
1 1  4 

0 2 

• 

I 
• 

I 

I 

SCLC NSCLC 
Figure 1. Chemosensitivity for carboplatin ( 1 8.5 µg/ml for I hour) and vincristine (0.5 µg/ml for 
I hour) measured with FGA in human tumor specimen. 
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are somewhat higher compared to our previous study, in which there were no failures due 
to an initially low number of cells or after the culture period in controls. Twenty-three spe­
cimen (7 NSCLC and 16 SCLC) of the total number of specimen obtained could be eva­
luated for chemosensitivity testing in vitro with the FGA. 

Figure I shows the results of the FGA if evaluable. Of the SCLC specimen (n=16) 7 
(43.7%) had less than 30% survival of viable tumor cells versus internal standard in the 
FGA after incubation with the combination of carboplatin 18.5 µg/ml and vincristine 0.5 
µg/ml (range 16-89%) (fig I ). For the individual drugs the median figures were 75% sur­
vival (range 6-132%) for carboplatin and 69.8% survival (range 20-157%) for vincristine 
(not depicted). There was no evidence found of synergistic drug effects. None of the 
NSCLC specimen evaluable in vitro (n=7) had over 70% reduction of viable tumor cells 
versus internal standard (fig I ). 

Comparison of in vivo with in vitro response (table III) 
At the time of this study, patients with lung cancer were treated on various chemotherapy 
protocols in our institution. The results of these studies are published elswhere (12, 13). 
Nineteen of the 37 patients with small cell lung cancer of whom tumor biopsy specimen 
were obtained for in vitro chemosensitivity testing were treated with carboplatin (400 
mg/m2) and vincristine (2 mg days I and 8) every four weeks in vivo. Eight (42.5%) of 
these specimen were evaluable for response. Six specimen were considered non-respon­
der and two were considered responder in vitro. These specimen were obtained from 8 
SCLC patients of whom 4 showed a partial response (as defined by WHO criteria) after 
two courses of carboplatin and vincristine and 4 had no clinical response. 

Seventeen patients with non small cell lung cancer were treated with carboplatin and 
vincristine in the same schedule as mentioned above. Of all these patients tumor biopsy 
specimen were available for in vitro testing. Six specimen were evaluable for response in 

vitro, none showed more than 70% reduction of viable cells versus internal standard. Of 

Table III. Comparison of in vitro and in vivo response. 

SCLC NSCLC 

Responder 
Non responder 

in vitro 

2 
6 

in vivo 

4 
4 

in vitro 

0 
6 

1 Two biopsy specimen originated from one patient. 

in vivo 

0 
5 1 

the five patients of which these specimen originated three had progressive disease after 
one course of carboplatin and vincristine chemotherapy and two patients had stable dise­
ase after two courses of this regimen. 

Thus, ultimately in 14 out of 36 patients (38.9%) a comparison between in vitro and 
in vivo treatment was possible. Taking into account the number of assay failures, the small 
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number of successful in vitro assays does not allow for analysis in tenns of sensitivity or 
specificity of the FGA in this study. 

DISCUSSION 

There have been many attempts to develop tests to predict responses to anti-cancer drugs 
during the past forty years ( 14-17). Two important uses for such a test are evident. Firstly, 
it would be invaluable for screening new compounds and drug regimen for potential use 
in treating patients with cancer. Secondly, with pretreatment testing of a patient's tumor 
against a wide range of agents it might be possible to tailor a patient's treatment individu­
ally. Despite the many proposed tests, none has achieved wide-spread acceptance. 
Mattern et al. ( 18) reviewed the ideal prerequisites of such a test: it should be technically 
simple, fast, inexpensive, reproducible and applicable for all tumors. In addition the test 
should be capable of taking into account the various methods of drug action and be able 
to predict with reasonable accuracy the clinical results. In this study the FGA developed 
by Weisenthal and coworkers was used. This assay meets some of the above mentioned 
criteria for the 'ideal' in vitro chemosensitivity assay. However, the limitations of the 
FGA in bronchogenic cancers to this end are demonstrated by this study. In lung cancer, 
bronchoscopy is often the easiest way to obtain tumor material. A major obstacle for suc­
cessful in vitro testing with this material was the initially low yield of viable tumor cells. 
Secondly, in the majority of specimen left, poor survival of the neoplastic cells in control 
cultures was the most common reason for failure assays. These problems were recognized 
by Weisenthal et al. when testing human lymphatic neoplasms in vitro (11). In our pre­
vious study of in l'itro chemosensitivity testing of human bronchoscopy specimen (7) only 
25% of the biopsies could be successfully tested with the FGA. Failures were again due 
to the same reasons as mentioned above. Several authors have suggested that the ability 
of tumor cells to survive in vitro may be of negative prognostic importance ( 19-21 ). Thus, 
one might argue that the low number of successful assays might be a reflection of the low 
number of therapy resistant patients included in this trial. However, in a recent report, 
Stevenson et al. (23) found no significant survival differences in a group of 68 SCLC 
patients between those whose tumor cell specimen grew in culture versus the others. Also, 
as carboplatin and vincristine produce a 16% response rate in NSCLC (Smit et al. manu­
script in preparation), the number of assay failures ( 12/19) in this group are most probably 
due to the assay itself. In other than bronchoscopy specimen assay failure due to initially 
low number of cells was encountered only twice and no living cells after four days culture 
in 4 cases. The 55% success rate in these specimen is lower than the 75% success rate with 
these specimen in our earlier study. The number of viable cells obtained (median 4.9x I 06) 

would have allowed for clonogenic assays as about 5x 105 per dish are needed. However, 
when data from 6 studies using lung cancer specimen in the clonogenic assay are pooled 
they show about 60% successful clonogenic assays (>30 colonies/dish) (24-29). The FGA 
is easier to perfonn and faster. In addition several authors have shown that results obtained 
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with the latter assay show good correlation with the clonogenic assay. Therefore, in situ­
ations where a sufficient number of cells is available for drug testing the FGA may have 
advantages over the clonogenic assay. 

In the study under discussion the FGA was used in a prospective setting. The low num­
ber of successful assays does not allow for any statement in regard to the accuracy of this 
test. Weisenthal et al. communicated a prospective trial in lymphatic malignancies using 
the FGA ( 1 2). Their results showed significant correlations (p<0.000 1 )  with the clinical 
response obtained in 69 patients with the same drugs as used in vitro. 

A way to circumvent some of the problems encountered in this study may be to inves­
tigate specific properties of tumor cells thought to be associated with drug resistance rat­
her than looking at cell kill in vitro. Recently, in three reports it was shown that expression 
of neuroendocrine antigens on lung cancer cells correlate with survival (30) and response 
to chemotherapy (3 1 ,32). Salmon et al. (33) saw significantly less responses to doxorubi­
cin in vitro in myeloma, lymphoma and breast cancer specimen whose tumor cells expres­
sed the P-glycoprotein. Refinement of molecular biological techniques should make it 
possible to study in the future the cellular localization and quantitation of expression of 
genes and gene products related to resistance in individual cells in tumor specimen (34). 
Alternatively, assays such as anthracycline accumulation (35,36) may help to predict 
whether resistance mechanisms are functionally present. 

We may conclude that the FGA has limited usefulness in in vitro chemosensitivity tes­
ting of human bronchogenic cancer. Assay failures are largely due to low yield of tumor 
cells by bronchoscopy and the low number of tumor cells surviving four days in vitro. Due 
to these and other basic problems associated with predictive testing, a reliable and accu­
rate predictive test remains a rather distant objective (37). 
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Chapter 12 

SUMMARY AND CONCLUSIONS 

In this thesis several aspects of palliative chemotherapy for lung cancer patients are 
described. The general outlines of the thesis are described in the introduction. 

In chapter I a review is given of factors influencing treatment outcome in elderly 
patients (>70 years of age) with SCLC. Due to the increasing proportion of the elderly 
in the population as a whole there will be an increasing number of elderly patients 
presenting with SCLC in the near future. Several factors are responsible for the fact that 
elderly persons with SCLC are not treated with the same intent as younger persons are. 
However, based on the available data in the literature, it is not certain that high age 
alone is an adverse prognostic factor neither in terms of response to chemotherapy, nor 
in terms of survival or toxicity of this type of treatment. 

Chapter 2 contains the results of a phase II study of orally administered etoposide, 
total dose 800 mg/m2 divided over 5 consecutive days every 4 weeks, in elderly patients 
(> 70 years) with SCLC. In 35 previously untreated patients an overall response rate of 
7 1  % was observed, with a median survival of 16  months for patients with limited 
disease and 9 months for those with extensive disease. These figures are comparable to 
results obtained with multidrug regimen in younger persons, especially with regard to 
survival. However, toxicity of the investigated regimen was considerably lower. It is 
concluded that orally administered etoposide in this schedule is a suitable regimen for 
palliation of elderly SCLC patients. 

In chapter 3 a phase I study with orally administered teniposide, the congener of 
etoposide, is described. This drug may be even more effective against SCLC than 
etoposide, but has not yet been administered in this way. The optimal dose for phase II 
studies was found to be 1 35 mg/m2 ( orally administered) once daily x 5, every 3 weeks. 
The dose limiting toxicity was both haematological and gastro-intestinal (nausea and 
vomiting, diarrhea). The latter toxicity may be resolved by substituting the intravenous 
ampoules used in this study by capsules. Until this method of oral administration has 
been developed, studies with oral teniposide are not recommended. 

In chapter 4 the results of a phase II study in patients with symptomatic central 
nervous metastases of SCLC are reported. Patients were treated with teniposide 1 50 
mg/m2 (i.v.) x 3 every 3 weeks for a maximum of 1 2  cycles. In 1 1  out of 26 evaluable 
patients a response was seen. Median response duration was 42 weeks. Toxicity was 
acceptable, WHO grade 3/4 leukocytopenia was seen in 37% and thrombocytopenia in 
1 6% of 1 23 courses. We conclude that teniposide is active against brain metastases of 
SCLC and is a suitable drug for palliation of these patients. 

In chapter 5 and 5• the recently developed second generation platinum compound 
carboplatin was evaluated for its nephrotoxicity. Carboplatin has been developed in 
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search of a cisplatin analogue with comparable antitumor efficacy but with reduced 
toxicity, especially nephrotoxicity. The latter toxicity limits the clinical usefulness of 
cisplatin. Renal function was prospectively determined in 10 untreated patients with 
lung cancer with normal baseline renal function, treated with carboplatin 400 mg/m2 

and vincristine 2 mg (days I and 8) every 4 weeks. After the second course a significant 
fall in GFR and ERPF started, ultimately leading to a median decrease in GFR of 19.0% 
and in ERPF of 14%. No increases in the excretion of tubular enzymes or changes in the 
relative Brmicroglobulin clearances were seen. We conclude from our data that 
carboplatin causes loss of renal function. As in individual patients no excessive 
myelosuppression was observed in conjunction with loss of renal function, the clinical 
relevance of our findings is not clear. 

In the chapters 6 and 7 the efficacy of the combination of carboplatin (400 mg/m2) 
and vincristine (2 mg, days I and 8) on a four week schedule in lung cancer patients was 
evaluated. In pretreated patients with SCLC (chapter 6) this regimen produced a 
response rate of 37% ( IO out of 28), all partial responses. Of particular interest were the 
responses observed in a subgroup of patients relapsing within three months off 
induction therapy. These patients are considered clinically resistant to drugs used in the 
induction regimen. Therefore the responses seen in this group (8 out of 22) may be due 
to absence of cross resistance between the regimen used. The difference in 
responsiveness to chemotherapy between SCLC and NSCLC was demonstrated in 
chapter 7. Using the same regimen a 1 7% response rate in previously untreated patients 
with NSCLC was seen. Toxicity of the carboplatin vincristine combination differed 
somewhat in the two studies. In the SCLC group myelosuppression was the most 
frequent encountered toxicity; 26% of courses were associated with WHO grade III/IV 
myelosuppression, whereas in the NSCLC patients this was seen in only 4%. For nausea 
and vomiting (WHO grade II/III) these figures were 16% and 63% respectively. In both 
studies peripheral neuropathy due to vincristine was seen in about half of the patients. It 
is concluded that the role of carboplatin and vincristine in NSCLC remains to be 
defined. 

Continuous infusion may be a method to improve the therapeutic index of cytotoxic 
drugs, by increasing the length of exposure of metabolically active tumor cells to the 
drug and simultaneously decrease toxicity related to high peak levels of the drug. In 
chapter 8 a phase I and pharmacokinetic study with 21 days continuous infusion of 
carboplatin is described. The maximum tolerable dose was found to be 30 mg/m2/day 
for 21 days on a 6 week schedule. Haematological and non-haematological toxicities at 
this dose level were considerably lower compared to literature data of the same total 
dose (630 mg/m2) of carboplatin when given as a bolus infusion. Also, renal toxicity 
was reduced compared to bolus administration of carboplatin (chapter 5). Plasma 
pharmacokinetics of platinum were studied by flameless atomic absorption assay. 
Plasma steady state levels of free platinum were reached after 8 hours. During steady 
state, carboplatin dose and free platinum plasma levels were not correlated. For total 
platinum steady state serum levels were not reached. There was a significant relation 
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between total platinum serum levels and the drug dose administered. Significant 
relationships between glomerular filtration rate and steady state plasma levels of free 
platinum and percent reduction in platelet counts could be established. It is concluded 
that the pharmacokinetics of carboplatin are not significantly altered by this method of 
administration compared to literature data concerning bolus infusion of carboplatin. 
Immunohistochemical analysis of DNA bound platinum (the supposed cytotoxic lesion 
of platinum compounds) in leukocytes showed a linear increase between DNA bound 
platinum (platinum-DNA adducts) and duration of infusion in individual patients. There 
was no correlation between free platinum exposure and platinum-DNA adduct level. 
Noteworthy, one complete response and four partial responses in 1 7  ( out of a total of 
44) evaluable patients were observed. 

In chapter 9 a phase I and pharmacokinetic study of continuous infusion of vindesine 
for 2 I days is described. For vindesine, in contrast to other vinca alkaloids, it was not 
possible to enhance the therapeutic index by prolonging the infusion period. The study 
was aborted at the lowest dose level (0.2 mg!m2/day) due to reversible but severe 
neurotoxicity in 3 out of 4 patients. The total dose of vindesine administered to these 
patients does usually not lead to neurotoxicity when given as a bolus infusion. No 
accumulation of vindesine in plasma during the infusion period was found. We conclude 
that due to this toxicity further evaluation of vindesine in this schedule is not 
recommended. 

In chapter IO the response of SCLC cell lines to cytotoxic drugs was correlated to 
the in vivo response to the same drugs in the patients the cell lines were derived from. 
We investigated whether the properties of cell lines obtained from patients who showed 
a clinical complete response to chemotherapy and of those obtained from patients who 
had no response were retained in vitro. When this assumption is proved to be correct, 
cell lines might be a valuable tool in predictive chemosensitivity testing. Using the 
micro titerwell tetrazolium assay, no correlation could be found. Next, 5 out of the 6 cell 
lines were compared to the tumor biopsies from which they were initiated. Using a 
panel of monoclonal antibodies, there were only minor differences between the tumor 
cells in the biopsies and in the cell lines. No conclusive evidence could be found for the 
existence of the PDR phenotype. In the 2 biopsies evaluable for DNA ploidy differences 
could be demonstrated compared to the corresponding cell lines. We concluded that the 
observed lack of correlation between the in vitro and in vivo response to cytotoxic drugs 
is due to selection of tumor cell populations in culture. Nevertheless, cell lines remain a 
invaluable instrument to study resistance mechanisms in lung cancer. 

In chapter 1 1  a prospective study in predictive chemosensitivity testing on fresh 
tumor biopsy material using a dye exclusion assay (fast green assay) is described. The 
patients participating in this study were described in chapters 6 and 7. Out of 66 tumor 
biopsies 23 could successfully be tested in the fast green assay. Failures were in the 
majority due to an insufficient yield of tumor cells obtained with bronchoscopy and 
death of all tumor cells in the control cultures. It is concluded that the fast green assay 
has limited usefulness in predictive chemosensitivity testing in human lung cancer. 
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We conclude that results of palliative chemotherapy for patients with lung cancer 
can be improved in various ways. Elderly patients with small cell lung cancer can be 
treated with a simple and relatively non-toxic chemotherapy regimen. Patients with 
brain metastases from small cell lung cancer can be treated with chemotherapy alone. 
Future clinical trials should focus on the value of radiotherapy alone or in addition to 
chemotherapy in this situation. 

Carboplatin is an active drug in small cell lung cancer. Its potential as a clinically 
non cross resistant drug with some of the frequently used agents in small cell lung 
cancer deserves further investigation. Continuous instead of bolus infusion of this drug 
may be advantageous as far as bone marrow toxicity and renal toxicity is concerned. 
Such advantages, and a comparison of antitumor effects should be studied further in a 
randomized way. 

Further improvement in the fate of patients with lung cancer awaits new treatment 
strategies. Of critical importance will be the in vitro and in vivo investigation of drug 
resistance mechanisms - intrinsic and acquired - and their circumvention. New 
diagnostic tools such as offered by immunological and molecular biological techniques 
may give the opportunities to study these phenomena in human tumor material at the 
cellular level. Also, assays need to be developed to predict whether the supposed 
resistance mechanisms are present and functional in human tumors. Treatment policies 
based on results of these techniques will have to be developed. Only then will the main 
goal of therapy for lung cancer patients consist of both an improvement in their quality 
of life, and a substantial prolongation of survival or even cure. 
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Chapter 13 

SAMENVATTING EN CONCLUSIES 

Longkanker is de meest voorkomende aan kanker gerelateerde doodsoorzaak in de man­

nelijke populatie in Nederland; bij vrouwen komt deze op de derde plaats, na borstkanker 

en kanker van de dikke darm. Op het moment dat longkanker klinisch manifest wordt, kan 

slechts I 0% genezen worden. Ondanks veel onderzoek is dit percentage al sinds geruime 

tijd niet toegenomen. Jaarlijks overlijden in Nederland ongeveer 8500 personen aan long­

kanker. 

Longkanker wordt vanwege de therapiekeuze onderverdeeld in niet-kleincellige bron­

chuscarcinomen en kleincellige bronchuscarcinomen. Voor de niet-kleincellige bronchus­

carcinomen vormt operatieve behandeling de enige kans op curatie indien het patienten 

betreft zonder aantoonbare metastasen op afstand. Twintig tot 25% van de patienten met 

longkanker heeft een kleincellig anaplastisch bronchuscarcinoom. Deze vorm van long­

kanker wordt bij voorkeur behandeld met een cytostatische therapie omdat er vrijwel 

altijd metastasen aanwezig zijn. Voor een klein aantal patienten kan deze behandeling 

resulteren in genezing, meestal is er echter slechts een tijdelijke verbetering mogelijk van 

de kwaliteit van het )even. Het niet-kleincellig bronchuscarcinoom reageert doorgaans 

slecht op chemotherapie. 

Het feit dat chemotherapie vaak niet leidt tot curatie is in essentie een probleem van 

resistentie. In de laatste jaren is een groot aantal resistentie mechanismen van tumorcellen 

tegen cytotoxische medicamenten in het laboratorium ontdekt. De meest bestudeerde 

vorm van resistentie is de zogenaamde pleiotropic drug resistance. Deze vorm van resis­

tentie, die mogelijk wel te antagoneren is, lijkt echter geen rol van betekenis te spelen bij 

het bronchuscarcinoom. Van de andere resistentie-mechanismen is het nog volstrekt 

onduidelijk of zij in de nabije toekomst in de kliniek geantagoneerd kunnen worden. De 

vraag dringt zich dus op hoe het lot van patienten met een gemetastaseerd bronchuscarci­

noom verbeterd kan worden. Vooralsnog lijkt intensivering van chemotherapie, eventueel 

met behulp van hematopoietische groeifactoren, de enige manier om de resultaten op kor­

te termijn te verbeteren. Echter, slechts een kleine groep patienten zal hiervoor in aanmer­

king komen, gezien de onvermijdelijke emstige toxiciteit van deze behandeling. Voor de 

meerderheid van de patienten met een bronchuscarcinoom zal dus verbetering gezocht 

moeten worden in het verminderen van de toxiciteit van de behandeling, idealiter met 

behoud van de resultaten met betrekking tot tumor remissie en overleving zoals die heden 

ten dage bereikt worden. In dit proefschrift worden verschillende aspecten van palliatieve 

chemotherapie voor het longcarcinoom beschreven. 

In hoofdstuk l wordt een overzicht gegeven van de factoren die van invloed zijn op de 

resultaten van behandeling met cytotoxische medicamenten bij oudere patienten (ouder 

dan 70 jaar) met een kleincellig bronchuscarcinoom. Op korte termijn zal in de zogenaam-
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de geindustrialiseerde wereld een steeds groter aantal bejaarden zich presenteren met een 
kleincellig bronchuscarcinoom alleen al door de demografische ontwikkeling van de laat­
ste jaren. De behandeling met cytostatica heeft vaak veel bijwerkingen, zodat er onder art­
sen aarzeling bestaat om deze therapie bij oudere patienten toe te passen. De gegevens uit 
de literatuur leveren echter geen steun aan een al te defaitistische houding jegens oudere 
mensen met carcinomen die in aanmerking komen voor palliatieve chemotherapie. 

In hoofdstuk 2 worden de resultaten van een fase II onderzoek met oraal toegediend 
etoposide (totale dosis 800 mg/m2, verdeeld over 5 achtereenvolgende dagen) bij patien­
ten ouder dan 70 jaar met een kleincellig bronchuscarcinoom beschreven. Bij 35 niet met 
chemotherapie voorbehandelde patienten werd bij 7 1  % een remissie gezien. De mediane 
overleving was 16 maanden voor patienten die behoorden tot de zogenaamde "limited dis­
ease" groep en 9 maanden voor patienten met "extensive disease". De bijwerkingen van 
deze behandeling beperkten zich tot geringe beenmergdepressie en haaruitval. Deze resul­
taten zijn goed te vergelijken met die welke verkregen worden met combinatie-chemothe­
rapie bij "jongere" patienten. De behandeling met oraal etoposide vonnt een goede pal­
liatieve behandeling voor patienten ouder dan 70 jaar met een kleincellig bronchuscarci­
noom. 

Hoofdstuk 3 beschrijft een fase I studie met oraal toegediend teniposide, evenals eto­
poside een semi-synthetisch podophyl lotoxine derivaat. Er zijn aanwijzingen dat dit cyto­
staticum effectiever is tegen het kleincellig bronchuscarcinoom dan etoposide. Teniposide 
is nog niet eerder op deze wijze toegediend. De optimale dosering voor fase II onderzoek 
blijkt 135 mg/m2 per dag, gedurende 5 achtereenvolgende dagen te zijn. Een belangrijk 
probleem zijn de bijwerkingen op het maag-dann kanaal (misselijkheid, braken en diar­
ree). Deze bijwerkingen kunnen misschien venninderd worden wannneer capsules teni­
poside in plaats van een drinkbare oplossing gebruikt worden, zoals ook voor etoposide 
het geval is. Tot deze capsules ontwikkeld zijn, dient het gebruik van oraal teniposide ont­
raden te worden. 

In hoofdstuk 4 wordt een fase II onderzoek met teniposide 450 mg/m2 verdeeld over 
drie dagen (intraveneus) bij patienten met hersenmetastasen van een kleincellig bronchus­
carcinoom beschreven. Bij 1 1  van de 26 evalueerbare patienten werd een objectieve 
remissie in cerebro bereikt, met een mediane duur van 42 weken. De bijwerkingen van 
deze behandeling lagen vooral op het vlak van de beenmerg depressie, welke echter zel­
den emstig was. De beschreven therapie resulteerde in een goede palliatie voor patienten 
met hersenmetastasen van een kleincellig bronchuscarcinoom. 

In de hoofdstukken 5 en 5• worden de nefrotoxische eigenschappen van een nieuw pla­
tinacomplex, carboplatine, onderzocht. De succesvolle toepassing van cisplatine als anti­
kankergeneesmiddel heeft geleid tot de ontwikkeling van platinacomplexen met als doel 
een middel te vinden met minder bijwerkingen dan cisplatine, maar met behoud van anti­
tumoraktiviteit. Met name de schadelijke effecten van cisplatine op de nierfunctie hebben 
daartoe de aanzet gegeven. In een prospectief onderzoek werd de nierfunctie onderzocht 
bij 10 patienten met longkanker, behandeld met carboplatine (400 mg/m2 dag I )  en vin­
cristine (2 mg dag I en 8), elke vier weken. Na twee kuren bleek een significante dating 
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van de glomerulaire filtratatie snelheid en de effektieve renale plasma doorstroming te 
zijn opgetreden. Na vijf kuren bedroeg dit verlies respectievelijk 1 9% en 1 4%.  In de 
gelijktijdig gemeten uitscheiding van tubulaire enzymen en relatieve Brmicroglobuline 
klaring konden geen significante verschillen gemeten worden. De mate van beenmergde­
pressie veroorzaakt door carboplatine wordt vooral bepaald door de glomerulaire filtratie 
snelheid, daar dit medicament voor het overgrote dee! uit het plasmacompartiment 
geklaard wordt door de nieren. Bij de patienten beschreven in dit onderzoek, nam de mate 
van beenmergdepressie niet gelijktijdig toe met de achteruitgang in glomerulaire filtratie 
snelheid. Concluderend kan gesteld worden dat ook carboplatine een nefrotoxische stof 
is. 

In de hoofdstukken 6 en 7 worden de effektiviteit en toxiciteit van de combinatie van 
carboplatine en vincristine bij patienten met bronchuscarcinoom onderzocht. Bij voorbe­
handelde patienten met een kleincellig bronchuscarcinoom werd bij 37% ( I O  van de 
28 patienten) een partiele remissie gezien (hoofdstuk 6). B ij 22 patienten die een recidief 
kregen kort na de inductiebehandeling met andere cytotoxische medicamenten werden 
8 partiele remissies gezien. In het algemeen worden dergelijke patienten op klinische 
gronden resistent geacht voor de medicamenten gebruikt in de inductiebehandeling. Uit 
deze waameming kan geconcludeerd worden dat de gebruikte combinaties tot op zekere 
hoogte niet kruis-resistent zijn. Het verschil in gevoeligheid tussen kleincellige en niet­
kleincellige bronchuscarcinomen voor chemotherapie wordt gedemonstreerd door de 
resultaten van fase II onderzoek met dezelfde combinatie (carboplatine en vincristine) bij 
patienten met een niet-kleincellig bronchuscarcinoom (hoofdstuk 7). Slechts bij 5 van de 
30 patienten kon een kortdurende remissie bereikt worden. Het is nog onduidelijk wat de 
rol van deze twee medicamenten in de behandeling van het niet-kleincellig bronchuscar­
cinoom zal zijn. 

Hoofdstuk 8 beschrijft een fase I en farmacokinetische studie met 21 dagen continue 
infusie van carboplatine. Continue infusie is mogelijk een methode om de therapeutische 
index (de verhouding tussen effectiviteit en toxiciteit) van cytostatica te verhogen. Een 
dosis van 30 mg/m2/dag gedurende 21 dagen werd gevonden als optimale dosis voor fase 
II onderzoek. Patienten die met deze dosis (in totaal 630 mg/m2) behandeld werden had­
den aanzienlijk minder bijwerkingen vergeleken met gegevens uit de literatuur wanneer 
dezelfde dosis carboplatine als bolus infusie dtoegediend werd. Farmakokinetische bepa­
lingen werden uitgevoerd met behulp van atomaire absorptie. Steady state spiegels van 
niet eiwit gebonden platinum (vrij platinum) werden na 8 uur infusie bereikt. Er kon geen 
verband worden aangetoond tussen de hoogte van de steady state plasma spiegels en de 
toegediende dosis carboplatine. Voor het eiwit gebonden platinum werd de steady state 
niet bereikt, er bleek wel een relatie te bestaan tussen toegediende dosis en plasma spie­
gels. Tevens werden significante relaties gevonden tussen de glomerulaire filtratie snel­
heid enerzijds en de steady state plasma spiegels van het vrije platinum en de mate van 
bloedplaatjes depressie anderzijds. De farmokokinetiek van carboplatine wordt dus niet 
beinvloed door continue infusie. De cytotoxische lesie van platina houdende antikanker­
middelen wordt gevormd door zogenaamde platina adducten. Dit zijn platineringsproduk-
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ten van het DNA. Bij vijf patienten werden deze adducten met behulp van een polyclonaal 
antilichaam gemeten in witte bloedcellen. Er bleek een lineair verband te bestaan tussen 
de duur van de infusie en de hoeveelheid gevormde adducten in individuele patienten. Er 
was echter geen correlatie tussen de expositie van de witte bloedcellen aan vrij platinum 
en de mate van platinering van het DNA. Deze bevinding dient nog bevestigd te worden 
in een grotere groep van patienten. Het geeft we! de relatieve waarde aan van plasma far­
macokinetiek van platina bevattende antikankermiddelen. 

In hoofdstuk 9 wordt een vergelijkbaar onderzoek beschreven met continue infusie 
van vindesine. In tegenstelling tot andere vinca-alkaloiden is het voor vindesine niet 
mogelijk de therapeutische index te verhogen door verlenging van de infusie duur. Op de 
laagste dosisstap (0.2 mg/m2/dag) was het noodzakelijk de studie te stoppen in verband 
met emstige neurotoxiciteit, welke gelukkig reversibel bleek te zijn. 

Een andere benaderingswijze van patienten met bronchuscarcinoom met als doe! de 
bijwerkingen van behandeling te reduceren, is selectie van patienten met behulp van labo­
ratoriumtechnieken. Indien het mogelijk is op een betrouwbare manier te voorspellen of 
een individuele patient zal reageren op (chemo-)therapie kan onnodige toxiciteit verme­
den worden. In hoofdstuk 10  worden 3 kleincellige bronchuscarcinoom cellijnen afkom­
stig van patienten die een complete remissie vertoonden na combinatie chemotherapie 
vergeleken met 3 cellijnen afkomstig van patienten die geen remissie vertoonden na 
behandeling met betrekking tot gevoeligheid voor cytostatica in vitro. Yoor dit doel werd 
de micro titerwell assay gebruikt. Een correlatie tussen de in vivo en in vitro respons kon 
niet gevonden worden. Om een verklaring voor dit Feit te vinden werden 5 van de 6 cel­
lijnen vergeleken met de tumor biopten van waaruit zij verkregen werden. Door kleuring 
met een aantal monoclonale antilichamen konden slechts kleine verschillen aangetoond 
worden. Twee cellijnen konden met de oorspronkelijke tumor biopten vergeleken worden 
met betrekking tot DNA ploidie. Op basis van verschillen in DNA ploidie werd geconclu­
deerd dat er selectie in vitro optreed van tumorcelpopulaties. Dit lijkt de meest aanneme­
lijke verklaring te zijn waarom er geen correlatie was met de in vivo response. Kleincel­
lige bronchuscarcinoom cellijnen zijn dus geen geschikt model voor selectie van patien­
ten voor aanvang van de behandeling zoals boven bedoeld. Dit neemt niet weg dat cellij­
nen een onmisbaar instrument zijn om de verschillende vormen van resistentie tegen cyto­
statica in het laboratorium te bestuderen. 

In hoofdstuk 1 1  staan de resultaten beschreven van een prospectief onderzoek van in 
vitro predictive testing op vers humaan tumor materiaal onder andere afkomstig van 
patienten beschreven in de hoofdstukken 6 en 7. In dit onderzoek werd de fast green assay 
gebruikt. Bij de in totaal 66 verkregen tumorbiopten was het in 23 gevallen mogelijk een 
uitspraak te doen over de in vitro gevoeligheid voor de gebruikte cytostatica. De voor­
naamste reden voor het mislukken van de assay was gelegen in de onvoldoende opbrengst 
van tumorcellen met behulp van bronchoscopie en onvoldoende overleving van de tumor­
cellen gedurende 4 dagen in vitro in de controles. De bruikbaarheid voor in vitro predic­
tive testing van de fast green assay bij bronchuscarcinomen is dus gering. 

I 1 6  



Concluderend kan gesteld warden dat de resultaten van palliatieve behandeling van 
patienten met longkanker op verschillende wijzen verbeterd kunnen warden. Patienten 
ouder dan 70 jaar die zich presenteren met een kleincellig bronchuscarcinoom kunnen 
behandeld warden met een eenvoudige en relatief niet toxische vorm van chemotherapie. 
Patienten met hersenmetastasen van een kleincellig bronchuscarcinoom kunnen behan­
deld warden met chemotherapie alleen. Prospectief klinisch onderzoek is nodig om te 
kunnen beslissen over de waarde van radiotherapie alleen of toegevoegd aan chemothe­
rapie in deze patientengroep. Carboplatine is een werkzaam cytostaticum bij het kleincel­
lig bronchuscarcinoom. In het bijzonder dient van dit medicament de mogelijke niet kruis­
resistente eigenschap in de kliniek ten opzichte van veelgebruikte cytostatica bij het klein­
cellig bronchuscarcinoom onderzocht te warden. Continue in plaats van bolus infusie car­
boplatine heeft minder bijwerkingen op het beenmerg en de nierfunctie. Deze voordelen, 
en vergelijking van de antikankeraktiviteit van deze wijzen van toediening, moeten in 
gerandomiseerde studies onderzocht warden. 

Voor verdere verbetering van het lot van patienten met longkanker zijn nieuwe behan­
delings strategieen nodig. Van groat belang zal het onderzoek (in vitro en in vivo) naar de 
verschillende vormen van resistentie tegen cytostatica blijken te zijn. Nieuwe diagnosti­
sche middelen zoals die aangereikt warden vanuit de immunologie en moleculaire biolo­
gie maken het mogelijk om deze mechanismen in humaan tumor materiaal te bestuderen 
op cellulair nivo. Tevens dienen er technieken ontwikkeld te warden om te kunnen voor­
spellen of de veronderstelde resistentie mechanismen aanwezig en van functionele bete­
kenis zijn in vivo. Nieuwe wijzen van behandeling gestoeld op de resultaten van boven­
genoemde technieken dienen ontwikkeld te warden. Alleen dan zal voor patienten met 
een inoperabel bronchuscarcinoom zowel de verbetering van de kwaliteit van het !even 
als belangrijke verlenging of zelfs genezing het doe! kunnen zijn van cytostatische thera­
pie. 
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