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INTRODUCTION AND SCOPE OF THE THESIS

Introduction

High-dose chemotherapy with circulating blood progenitor cell support
(CBPCS) is increasingly accepted as a potentially curative modality in the treatment
of different solid tumors.
The rationale for dose-intensification of chemotherapy has been derived from
in vitro experiments showing steep dose-response curves for certain cytostatic agents,
with a linear-log relationship between administered dose and cell kill. In a variety of
solid tumors, clinical trials have suggested an increased response rate for chemotherapy regimens with a 1.5 to 2 fold dose escalation. However, corresponding substantial
survival advantages were not consistently observed. It has been suggested that this
lack of major survival improvement reflects the limited capacity for dose escalation
using hematopoietic growth factors only. The roughly ten-fold increase in dose of
chemotherapy that can be achieved with autologous bone marrow transplantation
(ABMT) or CBPCS allows clinical evaluation of substantial dose escalations in solid
tumors.

The first studies of high-dose chemotherapy with ABMT and/or CBPCS in
solid tumors yielded much higher than expected response rates, albeit of short
duration. These studies were conducted in patients with metastatic and often refractory disease, the majority of which were patients with germ cell or breast cancer. By
analogy with observations in acute leukemia that tumor volume may be an important
unfavourable prognostic factor in the outcome of intensive treatment, it was postulated that use of this novel treatment modality earlier in the course of the disease could
lead to better survival rates. Therefore, the introduction of high-dose chemotherapy in
the adjuvant setting or as first line chemotherapy seemed a logical step.
Single-institution studies evaluating the role of high-dose chemotherapy in the
adjuvant setting in high-risk breast cancer have produced encouraging results,
although, so far, no randomized studies have been published. At the same time, in
patients with germ cell cancer in first relapse, high-dose chemotherapy was reported
to induce complete remissions and sometimes long-term survival. Obviously, definite
answers as to the role of high-dose chemotherapy with autologous bone marrow- or
CBPC support in the treatment of early-stage solid tumors can only be obtained by
prospective, randomized studies, some of which are currently in progress. The results
of these studies are not to be expected before the end of this century.
In the Netherlands Cancer Institute, a high-dose triple-alkylator chemotherapy
regimen, incorporating carboplatin, cyclophosphamide and thiotepa (CTC), is being

evaluated in the treatment of a variety of solid tumors since 1991. The choice of
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alkylating agents is based on their steep-dose response curves, as observed in the
experimental setting, on the fact that myelosuppression is their major dose-limiting
toxicity and on their mutual synergistic cytostatic activity. The CTC regimen
resembles the STAMP V regimen of Antman and coworkers that incorporates the
same three agents. However, the dose of carboplatin in the CTC regimen is twice that
in the STAMP V regimen, which, in view of its proven activity in breast-and germ

cell cancer, may add to the efficacy of CTC. While awaiting the efficacy data, the
feasibility and toxicity of high-dose CTC-chemotherapy in solid tumors needed to be
established.
In this thesis, the first experience with high-dose CTC chemotherapy supported
by the reinfusion of CBPC's in patients with breast-or germ cell cancer, is described.

Since myelosuppression following high-dose chemotherapy can no longer be
regarded as the dose-limiting toxicity, the development of high-dose chemotherapy
regimens with manageable extramedullary toxicity becomes imperative. In Chapter I,
an overview of the pharmacokinetics and toxicity of the cytotoxic agents and the
chemotherapy regimens most frequently used in the autotransplant setting is presented.

Chapter II focusses on breast cancer patients with apical node-positive stage
III disease, who constitute a prognostically very unfavourable subgroup of nodepositive patients. In an attempt to improve their prognosis, the value of a combined
modality regimen which includes high-dose CTC-chemotherapy with autotransplantation is being determined. Such an approach requires a highly effective up-front
chemotherapy regimen which is well-tolerated and does not compromise subsequent
intensified treatment. The efficacy and feasibility of FEC -chemotherapy with an
increased dose of epidoxorubicin as an up-front regimen is described in this chapter.

Chapters III and IV report on the feasibility and toxicity of the high-dose
CTC-regimen with' CBPC rescue administered in the adjuvant setting in high-risk
breast cancer patients and as a salvage therapy for germ cell tumors, respectively.
The use of autologous CBPC transplantation in high-dose chemotherapy regimens instead of conventional bone marrow support has rapidly extended. Chapter V

addresses the issue of the number of progenitor cells required for a rapid and sustained bone marrow recovery and the optimal method of their determination.
Several studies have suggested a relationship between chemotherapy dose and
.disease-free survival in the adjuvant treatment of node positive breast cancer patients.
13

Introduction

Recently, promising data of high-dose chemotherapy regimens in the most unfavorable nodal subset of these patients have been reported. The high-dose chemotherapy is
usually part of a combined modality approach, that includes subsequent radiotherapy
for optimal local control. In Chapter VI, preliminary data on the toxicity of radiation
therapy when preceded by either high-dose CTC-chemotherapy or by intensive FECchemotherapy alone are presented.
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ABSTRACT

High-dose chemotherapy with blood progenitor cell transplantation is
increasingly recognized as a potentially valuable treatment modality for breast cancer,
germ cell cancer, ovarian cancer and other solid tumors. A variety of cytotoxic drugs,
particularly alkylating agents, have been investigated either alone or in combinations.

Current, predominantly small, phase I and phase 11 clinical trials do not sufficiently
compare the efficacy of these regimens. Patterns of dose-limiting extramedullary
toxicity are, however, emerging. Busulfan, carmustine (BCNU) and mitomycin C
cause veno-occlusive disease (VOD) of the liver in some patients and the latter two
agents also cause interstitial pneumonitis. Cisplatin and ifosfamide only allow minor
dose escalation before renal failure becomes prohibitive. Cyclophosphamide, thiotepa,
melphalan and etoposide allow substantial dose escalation above the standard and are
mainly associated with mucositis. Moderate dose escalations of mitoxantrone and
carboplatin are possible, limited by cardiotoxicity and neurotoxicity, respectively.
Advances in supportive care have abolished bone marrow suppression as the
dose limiting toxicity in chemotherapy. Severe and potentially fatal extramedullary
toxicity following high-dose chemotherapy can only be avoided by administering
agents with predictable toxicity patterns and by carefully considering their clinical
pharmacology.

INTRODUCTION

High-dose chemotherapy with autologous peripheral blood progenitor cell
support is increasingly recognized as a potentially valuable treatment modality in the
management of solid tumors. The situation in some chemosensitive solid tumors, such
as relapsing germ cell cancer or childhood neuroblastoma, closely resembles the state
of affairs of a few years ago in Non Hodgkin's lymphoma.
Anecdotal evidence and studies employing historical control groups have
suggested the superiority of high-dose chemotherapy over standard-dosed treatment,
but suitable randomized studies are lacking. Non-randomized studies [1,2,3] indicate

efficacy in the adjuvant treatment of high-risk breast cancer and data from the
American and European Bone Marrow Transplantation Registries [4,5] suggest that a
specific group of patients with advanced breast cancer may achieve long-term disease
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free survival after high-dose chemotherapy. Results in ovarian cancer and in smallcell lung cancer may be viewed as 'encouraging' but are essentially inconclusive [6].

Recent advances in supportive care have significantly contributed to the
feasibility of high-dose chemotherapy. Hematopoietic growth factors and peripheral
blood progenitor cell transplantation have led to a marked reduction in the duration of
the aplastic period following high-dose chemotherapy. With the in vitro expansion of
hematopoietic progenitor cells on the horizon, cancer chemotherapy is entering a new
era when myelosuppression is no longer the dose-limiting toxicity. Inevitably, damage
to other tissues and organs is becoming more pronounced. It is this frequently

irreversible or even lethal organ toxicity that must be dealt with if further dose
intensification is to be achieved.
There are currently two approaches to prevent severe extramedullary toxicity in
patients exposed to high-dose chemotherapy. The first is to prevent overdosing, which

can be achieved by carefully considering the pharmacology of the agents to be
employed and to correct for renal function or hepatic abnormalities or even to apply a
test-dose to predetermine pharmacokinetic parameters. Another approach is to avoid
drugs or combinations of drugs that are known to be associated with excess toxicity.
Careful consideration of the mechanisms of action, pharmacokinetics and toxicity
profiles of the different agents to be used is therefore imperative. In the absence of
meaningful efficacy evaluations, the frequency and prevention of severe organ toxicity

may be a critical consideration in the selection of high-dose regimens for clinical
studies.

SINGLE AGENTS IN HIGH-DOSE THERAPY

The cytotoxic agents most frequently used in the autotransplant setting for solid

tumors will be discussed separately. An overview of the pharmacokinetics and
toxicity of each drug as used in high-dose chemotherapy regimens will be addressed
(Table I).
Cyclophosphamide

Cyclophosphamide belongs to the group of oxazaphosphorines, which are
derivatives of nitrogen mustard. Cyclophosphamide is a pro-drug and requires
hydroxylation by hepatic cytochromes P450 to exert its cytotoxic activity.
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4-Hydroxycyclophosphamide and its tautomer, aldophosphamide, yield the strong
alkylating agent phosphoramide mustard after elimination of acrolein [7,8].

Cytotoxicity is believed to occur by the formation of crosslinks between DNA
strands. Acrolein itself is devoid of cytotoxic properties. It is excreted in the urine
and is the major cause of hemorrhagic cystitis associated with cyclophosphamide
therapy [9].
- pharmacokinetics and toxicity Cyclophosphamide metabolism exhibits autoinduction as shown by a decrease
in plasma half-life following repetitive IV administration [7,11,12], with mean plasma

half-lives of 8.7 ± 4.6 hours (range 4.4-25.0) and 3.6 ± 0.9 hours (range 1.7-6.0)
after two consecutive doses of 60 mg/kg of cyclophosphamide, respectively [11]. The
AUC of the active metabolites remain, however, unchanged under these conditions

explaining why the therapeutic and toxic effects of cyclophosphamide are not
influenced by the autoinduction phenomenon [7]. Elimination occurs mainly by hepatic metabolism and approximately 10% is excreted unchanged into the urine [13,14].
Dose adjustment of cyclophosphamide is not required in the presence of liver or renal
dysfunction [15]. The maximum tolerated dose (MTD) of cyclophosphamide without
bone marrow support, has been reported to be 7 g/m2, the dose-limiting toxicity being
myelosuppression [10]. In high-dose chemotherapy regimens with autologous bone
marrow support, the dose-limiting toxicity of cyclophosphamide is cardiotoxicity. In
doses over 1.55 g/m2 per day, cyclophosphamide-associated cardiotoxicity has been
reported in 25% of patients [16]. Endothelial damage may occur inducing myocardial
necrosis which can cause severe and often refractory congestive heart failure. This
usually occurs one to ten days after the first dose of cyclophosphamide [16].
Hemorrhagic cystitis, due to the hepatic metabolite acrolein, has been observed

in 12 to 35 % of patients following high-dose cyclophosphamide therapy [17].
Simultaneous administration of sodium-2-mercapto-ethane sulphonate (mesna) is
widely used and is felt to prevent the occurrence of hemorrhagic cystitis. Forced
hydration, urinary alkalinization and bladder irrigation have also been used, alone or
in combination but the optimal combination for the prevention of cyclophosphamideinduced hemorrhagic cystitis is, however, still a matter of debate [17,18]. In addition,
a transient but direct toxic effect of cyclophosphamide on the renal tubules has been
described which may mimic the syndrome of inappropriate antidiuretic hormone
secretion [19].
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Ifosfamide
Ifosfamide is an oxazaphosphorine, which, like its analog cyclophosphamide,
requires biotransformation in order to become cytotoxic [20]. Ifosfamide is activated
through hydroxylation by the hepatic cytochrome P-450 mixed function oxidases
yielding 4-hydroxy-ifosfamide, a potent alkylating agent in vitro, with a steep linear
log dose-response curve [21].
4-Hydroxyifosfamide is in equilibrium with its tautomer aldoifosfamide. Both
can be inactivated either by oxidation with aldehyde dehydrogenase or produce the
cytotoxic alkylating species ifosforamide mustard by elimination of acrolein [20].
When compared with cyclophosphamide metabolism, the rate of ring hydroxylation
is reduced by the presence of the ring N-chloroethyl group in the ifosfamide
molecule. Consequently, oxidation to inactive metabolites is a more important

metabolic pathway for ifosfamide [20]. As a result, serum concentrations of the
activated ifosfamide species are lower than those of activated cyclophosphamide,
measured after the same dose of the parent drug. This explains the difference in dose
between cyclophosphamide and ifosfamide that is required to obtain equitoxic
alkylating effects; for this purpose, the dose of ifosfamide must be 3 to 4 times higher
than that for cyclophosphamide [20,22].
Ifosforamide mustard induces cytotoxicity by DNA crosslinking. Based on
studies in animals, ifosfamide has been reported to be more active and less toxic than
cyclophosphamide with an improved therapeutic/toxic ratio achieved with a fractionated dose schedule [22].
- pharmacokinetics and toxicity The pharmacokinetic parameters of ifosfamide exhibit large inter- and
intrapatient variability, suggested to arise mainly from genetic factors [20].
Ifosfamide is commonly administered intravenously. Fractionated dose
schedules are used which allow for an increase of the total dose by nearly 50% [23].
The mean elimination half-life is 6 hours and may be prolonged in obese individuals.
Similar to cyclophosphamide, ifosfamide induces its own metabolism as shown in a

decreased elimination half-life and an increased total body clearance following
repeated daily administrations [20]. Less than 20% of ifosfamide is bound to plasma
proteins. The concentration of the active compound 4-hydroxyifosfamide detected in
cerebrospinal fluid (CSF) is about 15% of that measured in the plasma. Between
2.5% and 50% of the administered dose is excreted unchanged in the urine [20].

Animal studies and phase I and 11 studies in various solid tumors have
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suggested a lack of cross-resistance between ifosfamide and cyclophosphamide
[24,25,26].
The dose-limiting toxicity of high-dose ifosfamide is renal failure, manifested

by renal tubular acidosis. This has been observed at a dose of 18 g/m2, given in
divided doses over 4 days [22]. At that dose level, hematological toxicity has not
required autologous bone marrow support. However, due to renal toxicity, the
maximum tolerated dose has been reported to be 16 g/m2, provided that adequate
uroprotection with mesna is performed. In the absence of mesna, hemorrhagic cystitis
has been the dose-limiting toxicity, with an overall incidence of 18% to 40%.
Neurotoxicity is dose-related and may be due to the presence of the metabolite
chloroacetaldehyde. As with busulfan, decreased levels of glutathione, responsible for
the detoxification of chloroacetaldehyde, could be the underlying mechanism [27].

The symptoms are somnolence, hallucinations, confusion and disorientation and
usually begin on day 4 -of the administration. The symptoms continue for a median of

5 days. The reversible neurotoxicity of ifosfamide seems to occur more often in
patients who also develop renal failure [22].
Pretreatment with doxorubicin may compound ifosfamide-related congestive
heart failure. In contrast with cyclophosphamide, there is no reported cardiotoxicity
of ifosfamide in other settings.
Other dose-related toxicities reported include nausea, vomiting and mucositis.

Cisplatin
Cisplatin (cis-diammine-dichloroplatinum) is activated by hydrolysis to produce
the highly reactive alkylating cis-diammine diaquated species. The hydrolysis rate is
partially determined by the chloride concentration of the solubilizing media [28]. The
active compound exerts its cytotoxic effect through formation of inter- and intrastrand
crosslinking of DNA [29]. Cisplatin is active in all phases of the cell cycle, but it is
most active in the G1-phase.
- pharmacokinetics and toxicity Cisplatin is extensively and irreversibly bound to plasma proteins; the free-drug
fraction is responsible for its pharmacological activity [30]. The initial plasma halflife of free cisplatin (5 % of total platinum) is about 30 minutes; the terminal half-life
is considerably longer, greater than 24 hours [31]. Cisplatin is eliminated by renal
filtration, tubular secretion and tissue alkylation [28].
Nephrotoxicity is prominent, prohibiting dose escalation of cisplatin above 200
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mg/m2. Acute renal failure is related to the peak plasma concentration and its
duration, and is more frequent in the presence of a decreased glomerular filtration
rate [29]. Adequate and prolonged hydration with a urine flow above 200 ml/hr is the
mainstay of prophylactic treatment [28]. Platinum is known to be present in renal
tissue for up to 4 months following administration. This may eventually potentiate
nephrotoxic effects of other agents, such as aminoglycoside antibiotics [32]. Damage
to the renal tubuli induces hypomagnesemia and hypokalemia [33].

Disabling peripheral neuropathy, manifested as numbness, pain and small
motor dysfunction, which is only partially reversible, has been reported in 26 % of pa-

tients receiving 200 mg/m2 cisplatin [34]. Ototoxicity is irreversible and is more
pronounced at high frequencies [35].
Myelosuppression is dose-related and characterized by a profound and

prolonged granulocytopenia. A marked increase in platelets and red blood cell
transfusion occurs when the dose of cisplatin is increased from 100 to 200 mg/m2
[34].

Carboplatin
Carboplatin is a second generation, platinum-containing compound. Carboplatin
is metabolized to monoaquo and diaquo species, similar to the activation process of

cisplatin although it is associated with a lower conversion rate [36]. The generated
electrophilic species are capable of a covalent binding to nucleophils such as proteins
and DNA. It is assumed that the formation of intra- and interstrand DNA cross-links
is responsible for the cytotoxicity of this compound [37].
- pharmacokinetics and toxicity Carboplatin unlike cisplatin, is only 25% protein bound following IV

administration. As a result, the AUC, expressed in µmol.min/L, of the free drug is
15 to 17.5 times higher for carboplatin than for cisplatin [36]. The pharmacokinetic
profile of the free drug can be described with a biexponential equation with a t12a of
6-20 minutes and a t12(3 of 1.5 to 7.5 hours.
Glomerular filtration accounts mainly for the renal excretion of carboplatin and
is the major route of elimination [38,39]. Active tubular secretion is irrelevant which,

together with the minimal protein binding, explains why the creatinine clearance is
highly predictive for carboplatin elimination [38]. Formulas incorporating the GFR
and AUC have been designed to allow the calculation of the carboplatin dose yielding
a pre-defined AUC [40].
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At higher dosages of carboplatin (up to 2,400 mg/m2), no alterations in drug
clearance or differences in the rate or route of elimination have been observed. The
interpatient variability in pharmacokinetics after high-dose carboplatin has been found
to be relatively minor, resulting in a reasonably predictable AUC for patients treated
with a given dose of the drug, when the GFR is taken into account [41].
Following high-dose carboplatin, presence of the drug can be found in ascites,
pleural effusions and in the CSF [41,42].
Myelosuppression is the dose-limiting toxicity of carboplatin [43]. In patients
treated with a dose of 1,600 mg/m2 carboplatin, profound neutro-and
thrombocytopenia have been observed for more than 14 days [41,44]. The addition of

autologous bone marrow support in patients treated with such high doses of
carboplatin has therefore been recommended [41].

Administration of doses up to 400 mg/m2 carboplatin rarely induces renal
toxicity in patients with. adequate renal function [36]. A decrease of renal function of
greater than 30% has been observed in patients receiving high-dose carboplatin, with,

a temporary loss of more than 80% of pretreatment renal function in patients
receiving 2,400 mg/m2 [41,44].

The principal dose-limiting non-hematological toxicity with high-dose (>
2,000 mg/m2) carboplatin as a single agent has been reported to be hepatic toxicity,
which is characterized by biliary stasis [41]. Ototoxicity becomes significant at doses
exceeding 1,000 mg/m2 [41,44] and has been found to be more closely related to the
cumulative dose of carboplatin than to prior cisplatin therapy [41]. Neurotoxicity is
also dose-related, but is compounded by prior administration of cisplatin [41,44].
Thiotepa
N,N',N"-triethylenethiophosphoramide (thiotepa) is mainly metabolized to triethylene phosphoramide (tepa) by the hepatic cytochrome P-450 enzyme system '[45].
Cytotoxicity by thiotepa is thought to be mediated by the formation of DNA
interstrand crosslinks [46]. However, in vitro studies have also suggested that thiotepa
mainly serves as a prodrug for aziridine, which exerts its cytotoxicity by the
production of single-strand DNA breaks or alkali-labile DNA-lesions [47]. In a

similar way, the cytotoxic effect of tepa has been found to differ from its parent
compound by the production of alkali-labile DNA-lesions [46]. The clinical relevance
of these in vitro data, however, has not yet been established [46].

23

Review

- pharmacokinetics and toxicity -

Following IV administration, a very rapid and wide tissue distribution of
thiotepa has been reported equavalent to that of total body water [48]. The terminal
half-life of thiotepa has been observed to be independent of dose, with a range from
52 - 212 minutes [49]. The half-life of its metabolite tepa is considerably longer,
ranging from 3 to 21 hours [49].
The AUC of thiotepa has been found to be proportional to the dose, although
the relationship is not linear, particularly when doses

over 55 mg/m2 are

administered. With increasing doses of thiotepa, a concomitant increase of the AUC
of tepa is absent. It has therefore been suggested that the metabolism of thiotepa to
tepa is an enzymatic process which becomes saturated at lower doses [49]. Less than
15% of thiotepa is bound to plasma proteins as opposed to tepa which is extensively
protein-bound and unstable; free tepa can usually not be measured [50]. Thiotepa
penetrates the CSF. Five percent of the administered dose is recovered in the urine as
either thiotepa or tepa whereas 24% is present as non-specific alkylating metabolites,
some of which are probably related to aziridine [47,51].
The highest dose of thiotepa that can be given safely intravenously without
hematopoietic stem cell support is 65 mg/m2 [49]. Phase I studies of high-dose
thiotepa in the transplantation setting have demonstrated a maximal tolerated dose of
900 to 1,125 mg/m2 given in divided doses in a 2 hour infusion for 3 days [52].
The dose-limiting toxicity of conventional doses of thiotepa is myelosuppression. The time to the nadir following high-dose thiotepa with autologous bone
marrow support is 7 to 10 days. At doses of 405 mg/m2 or more, irreversible bone
marrow suppression has been observed [52].
The occurrence of nausea and vomiting is dose-dependent and generally
responds well to the administration of standard antiemetics. Mucositis, esophagitis or
enterocolitis are most commonly reported in high-dose chemotherapy regimens, and
may be difficult to manage after administration of doses exceeding 900 mg/m2 [52].
At doses over 1,125 mg/m2, transient elevations of liver enzymes or bilirubin have
been encountered [52].

Central nervous system toxicity is the dose-limiting toxicity of high-dose
thiotepa. Patients present with symptoms that resembles an organic brain syndrome.
At doses of over 1,125 mg/m2, more than 15% of the patients develop CNS toxicity
[52]. Skin toxicity consists of an acute erythroderma affecting the palms and soles and
a general darkening of the skin which can persist for months but is reversible.
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Carmustine (BCNU)
Carmustine is a chloroethylnitrosourea derivative which is metabolized by

hepatic enzymes, but can also be decomposed chemically to produce alkylating
products and isocyanates [53]. The alkylating products produce DNA-interstrand
crosslinks in a two-step reaction sequence. Cytotoxicity is caused by alkylation of the
06 position of a guanine followed by interstrand crosslinking with a cytosine on the
complementary strand of DNA [54]. Cellular resistance to the cytotoxic activity of
carmustine mainly occurs through an increase in the enzyme 06-alkylguaninealkyltransferase (O6AT) which repairs the alkylated O6 guanine [55,56,57].
- pharmacokinetics and toxicity Carmustine can only be administered intravenously. After infusion of high-dose
(600 mg/m2) carmustine, plasma levels could be detected up to 30 minutes following

administration [58]. The peak concentration was observed at the end of a 2-hour
infusion and the average half-life was reported to be 22 minutes (range 10-33) after
discontinuation of the infusion [58]. At doses of 600 mg/m2, a large patient-to-patient

variation in the clearance has been found, with an AUC, ranging from 82 to 887
µmol.min/1. Consequently, there was a considerable variation in drug exposure
between patients [58].

Carmustine is highly (77%) bound to plasma proteins. Similar to other
nitrosoureas, carmustine is highly lipophilic and easily crosses the blood-brain barrier.
Active pharmacological concentrations can be detected in the central nervous system
[59]. Within 24 hours following administration, approximately 80% of the administered carmustine is found in the urine in the form of degradation products [53].
In conventional doses of carmustine up to 200-300 mg/m2 every 6 to 8 weeks,
myelosuppression is the dose-limiting toxicity. Hepatotoxicity (non-infectious hepatitis
or VOD) has been found to be the dose-limiting toxicity in high-dose carmustine regimens, with a high incidence of fatal outcomes following doses above 1,200 to 1,500
mg/m2 [58,60]. The dose of carmustine and the presence of CNS tumors have been
observed to be prognostic factors for the development of severe hepatotoxicity [60].
Immediate drug-related toxicity includes acute cardiovascular effects resulting

in hypotension, tachycardia and flushing [58]. These effects are dose-related and
persist beyond the half life of carmustine. The underlying mechanism for this
phenomenon is unknown. Cardiotoxicity, expressed as cardiac necrosis by pathologic
examination, has rarely been described at cumulative doses over 3,000 mg/m2 [60].
Carmustine related interstitial pneumonitis has frequently been observed at doses of
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1,000 mg/m2 or more, but is probably not strictly dose-related [60]. (Fatal)
Pulmonary toxicity has been encountered up to 17 years after administration of
carmustine [61,62]. The role of corticosteroid treatment in these patients still remains
unclear [60,62]. Delayed renal toxicity has been documented following cumulative
doses of 1,500 mg/m2 [59], although in a large phase I-II study when carmustine was

administered in doses up to 2,850 mg/m2, nephrotoxicity did not develop [60].
Encephalomyelopathy has been encountered in patients receiving more than 2,000
mg/m2 carmustine [60].

Mitoxantrone
Mitoxantrone is a hydroxyquinone, which is structurally related to

doxorubicin but lacks the amino sugar moiety [63]. It has been suggested that
mitoxantrone, unlike the classical intercalating agents, binds to DNA by nonintercalative electrostatic interactions [64]. Induction of DNA-protein crosslinks by
mitoxantrone has also been reported [65,66]. DNA breakage by stabilization of a
complex between DNA and topoisomerase II, caused by mitoxantrone, suggests
additive cytotoxicity through topoisomerase II inhibition [67].

The precise mechanism of antitumor activity of mitoxantrone,, however,
remains to be elucidated [68]. The cellular toxicity of mitoxantrone is cell-cycle
nonspecific; in vitro the drug is cytotoxic for both proliferating and non-proliferating
cells [65].
- pharmacokinetics and toxicity Following intravenous administration, the plasma, clearance rate has been
described according to biphasic and triphasic models, with terminal half-lives of 37.4

hours and 42.6 hours, respectively [69,70]. Mitoxantrone is extensively bound to
plasma proteins (>95%), blood cells and body tissues [70]. The main route of
excretion is in the bile with less than 7% of the drug being eliminated in the urine. In
patients with hepatic dysfunction, a decreased total body clearance rate of
mitoxantrone has been observed, suggesting that the dose of mitoxantrone should be
adjusted in these patients [69].
The dose-limiting toxicity of mitoxantrone is myelosuppression, predominantly

granulocytopenia, with a cumulative effect on bone marrow function following
repetitive administration [66,71,72]. The maximum tolerated dose is 12-14 mg/m2,
when administered as a single bolus injection intravenously every 3 weeks [72]. The
degree of myelosuppression appears to be related to prior therapy, the presence of
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bone marrow involvement and the performance status of the patient [63].
Mitoxantrone has not been investigated as a single-agent in dose escalation studies.

Stomatitis and mucositis are dose-dependent and appear to be the dose-limiting
toxicities in high-dose mitoxantrone-based regimens [73]. In combination with highdose alkylating agents and autologous bone marrow support, the MTD is 60 mg/m2

[71,73]. The degree of nausea, vomiting and diarrhea at this dose-level has been
reported to be mild to moderate and minor signs of liver toxicity are common [71].
The development of cardiac toxicity is related to pre-existing risk-factors such as
underlying cardiovascular disease, prior anthracycline exposure and prior mediastinal
radiation [63,71]. Following standard doses of mitoxantrone, clinically significant
cardiotoxicity has been observed in about 3% of patients with a poor performance

status, who had previously been treated with anthracyclines [74]. Overall, the
incidence of congestive heart failure increases with cumulative doses of over 100
mg/m2 in patients who have had previously received anthracyclines and with a
cumulative dose of 160 mg/m2 or more in patients without prior treatment [71].

Melphalan
DNA lesions caused by melphalan (L-phenylalanine mustard) are produced by
a mustard-like reactive intermediate [75]. Cytotoxicity is induced by the formation of
DNA-crosslinks and melphalan acts as a cell-cycle non-specific alkylator. Melphalan
is transported into the cell through a high-affinity carrier, the L-amino acid transport
system, which is also responsible for the transport of the amino acids leucine and
glutamine. Alterations in the amino acid content of plasma or malignant effusions
may therefore influence the uptake and cytotoxicity of this drug [76].
- pharmacokinetics and toxicity Following the intravenous administration of high-dose (140-240 mg/m2)
melphalan, pharmacokinetic parameters have been shown to be independent of dose
and highly variable between patients. It has therefore been suggested to individualize

the dose of melphalan by prior pharmacokinetic characterization of each patient; a
test-dose should be given to determine the clearance and should then be followed by
the administration of a calculated dose aimed to achieve an optimal target AUC [77].
To: our knowledge, such a procedure has not been implemented in clinical trials.
Immediately following i.v. administration, up to 50% of melphalan will bind to
plasma proteins, which increases in time to over 90% [78]. The plasma elimination
half-life is short, with a t 2a of 6 to 10 minutes .and a t,,20 of 40 minutes to 2 hours
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[77]. Hydrolysis to dihydroxymelphalan is the main route of elimination [75]. Less
than 15 % of the intact drug is excreted in the urine which explains why alterations in
renal function have not shown to significantly influence melphalan pharmacokinetics
[77]. The CSF to plasma ratio is less than 10%.
The dose-limiting toxicity of conventional doses of melphalan consists of
myelosuppression. When high-dose i.v. melphalan is administered with autologous
bone marrow support, gastro-intestinal toxicity is usually dose-limiting. Its major
manifestations are stomatitis and diarrhea [79]. Pretreatment with cyclophosphamide
appears to reduce the degree of melphalan-associated gastro-intestinal toxicity. The
maximum tolerated single dose is up to 245 mg/m2 as compared with 170 mg/m2 in
patients not primed with cyclophosphamide [79]. In addition, bone marrow recovery
following high-dose melphalan has
cyclophosphamide pretreatment [80].

been documented

to be

accelerated

by

Busulfan
Busulfan is a bifunctional alkylating agent which produces protein-DNA and
intra-strand DNA crosslinks. The agent is mainly active on cells in the GO or G1
phase of the cell cycle [81].
- pharmacokinetics and toxicity Busulfan is only available as an oral preparation; a dose of 1 mg/kg every 6

hours for 4 days is commonly used in high-dose regimens. The peak plasma
concentration is reached fifty minutes to 3 hours after a single administration.

Steady-state concentrations are reached after 2-3 doses .[82]. Following repeated
administration, the clearance of busulfan increases, whereby the half-life decreases,
indicating that the drug accelerates its own metabolism [82]. The mean elimination
half-life is about 2 hours [83]. Busulfan is highly lipophilic and is for less than 55%
bound to plasma-proteins. The combination of these properties may partially explain
the high CSF/plasma ratio observed with high-dose busulfan [82,84]. Busulfan is
partially metabolized through reactions with glutathione. This process is catalyzed by
glutathione-S-transferase and results in three recently discovered urinary metabolites
[82].

The dose-limiting toxicity of high-dose busulfan is VOD of the liver [831.
Although VOD is the second leading cause of death in patients receiving autologous
bone marrow transplantation, the pathogenesis of this clinical syndrome remains
obscure. Multivariate logistic regression analysis has shown the AUC to be the only
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significant pharmacokinetic predictor of the development of VOD following high-dose
busulfan [83]. Neurotoxicity occurs during administration of high-dose busulfan in
10% of patients. This neurotoxicity, characterized by the occurrence of seizures, is
transient and without sequelae [84]. Other reported side-effects include interstitial
pulmonary fibrosis following prolonged administration, and an Addison's disease-like
syndrome characterized by cutaneous hyperpigmentation and general weakness but
without adrenal insufficiency. Radiation therapy following high-dose busulfan induces
enhanced skin radiation side effects [85].

Etoposide
Etoposide is a semisynthetic epipodophyllotoxin derivative. This drug is most
toxic in the late S or early G2 phase of the cell cycle, thereby inducing a pre-mitotic
block [86]. Etoposide causes dose-dependent single-and double-stranded breaks in
DNA, DNA-protein crosslinks and chromosomal aberrations. Interference with the
function of the enzyme DNA-topoisomerase 11 is thought to underly the mechanism of
DNA strand breakage induced by the epipodophylotoxines.
- pharmacokinetics and toxicity -

Pharmacokinetic parameters of etoposide show a considerable interpatient
variability. The AUC and the peak plasma concentration are both linearly related to
the dose of etoposide. The half-life is independent of the dose with a terminal
elimination half-life ranging from 4 to 8 hours [86]. More than 95% of etoposide is
bound to plasma proteins. Following high-dose intravenous administration, presence
of etoposide in the CSF has been observed [87]. Etoposide is predominantly excreted
in the urine, 20-45% as unchanged drug and 20-33% as metabolites; excretion of
etoposide by the hepatobiliary route is negligible [86].
In contrast with alkylating agents, the efficacy of etoposide strongly depends on
the schedule of administration. Divided doses administered over 3 to 5 days have
been shown: to be superior to a single dose. A plasma concentration of above 1µg/ml
appears to be essential for its antitumor activity.
Following administration of high-dose etoposide (800-3500 mg/m2) with bone
marrow support, reversible mucositis is the dose-limiting toxicity [88]. Nausea and
vomiting are not dose-related [88,89]. Acute hypersensitivity reactions have been
reported infrequently [90].
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Mitomycin C

Mitomycin C (MMC) is an antibiotic originating from Streptomyces
caespitosus. MMC is a bioreductive alkylating agent producing DNA-protein
crosslinks and DNA-inter-and intra-strand crosslinks; the drug is most effective in the
late GI and early S1 phases of the cell cycle [91,92].
- pharmacokinetics and toxicity -

The pharmacokinetic behavior of MMC is linear and fits a 2-compartment
model [93]. After intravenous bolus administration, MMC is rapidly cleared from the
plasma. Major routes of elimination are liver metabolism and renal excretion. The
t,na varies from 6 to 17 minutes; the t,/2Q is between 28 and 112 minutes [941. Up to
20% is excreted unchanged in the urine, mainly by glomerular filtration [93]. Renal
excretion of MMC is independent of renal function.
The

dose-limiting

toxicity

of MMC

is

delayed

and

cumulative

myelosuppression. The non-hematological toxicities observed in high-dose MMC
regimens with autologous bone marrow support have been considerable and were the
reason to discontinue the use of MMC in high-dose chemotherapy regimens [95].
These toxicities included severe, and sometimes lethal, side effects, such as VOD of
the liver, interstitial pneumonitis, frequently associated with pulmonary fibrosis, and
intractable congestive heart failure. The latter has predominantly been observed in
patients previously treated with anthracyclines [94-97]. Gastrointestinal toxicity has
been reported to be cumulative following sequential high-dose MMC administration
[95]. The hemolytic uremic syndrome associated with a high mortality may occur
several months after MMC therapy [94].

.

HIGH-DOSE COMBINATION REGIMENS

A variety of high-dose chemotherapy regimens with autologous bone marrow
or peripheral stem cell support are currently under clinical evaluation in solid tumors.

The majority are multiple-alkylating agent based combinations, for reasons well
described by Frei and Teicher [98-102]. In the following section, the high-dose
chemotherapy regimens most frequently investigated in the treatment of solid tumors

will be described. Since randomized studies are not yet available and the current
studies vary widely with respect to patient selection, induction chemotherapy
regimens and definition of response duration, this section will mainly focus on
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feasibility and toxicity. An overview of the studies discussed is presented in Table II.

Cyclophosphamide-Thiotepa based combinations.
Cyclophosphamide and thiotepa were among the first alkylating agents to be
used in high-dose chemotherapy regimens. This was based on the results of studies

performed by Frei and Teicher, who demonstrated synergistic activity in vitro
between these two agents [99,100]. In 1987, Williams et al reported the administration of high-dose cyclophosphamide and thiotepa in patients with advanced cancer
[103]. As confirmed in subsequent studies [104-106], the main extramedullary toxicity
of this bi-alkylator regimen is mucositis. A wide range in the number of toxic deaths
has been reported in different studies. Toxic deaths have been primarily caused by
infectious complications following severe bone marrow suppression. These differences
in fatal toxicity may be explained in part by differences in patient selection.
Phase II studies -with- high-dose cyclophosphamide and thiotepa in metastatic
breast cancer have shown considerable differences in response rates, and the response

durations were usually brief [105,106]. In animal studies, the cytotoxicity of the
combination of cyclophosphamide and thiotepa depends on the schedule of administration [107]. Simultaneous administration of cyclophosphamide and thiotepa
appears to be inferior to sequential dosing. The optimal interval between the
administration of both drugs was 8 hours, irrespective of the sequence [107]. When
cyclophosphamide and thiotepa were injected within a 4-hour interval, additional
tumor-cell kill was only achieved when thiotepa was administered first [107]. In
clinical studies, information about the sequencing of the alkylating agents is rarely
reported; whether differences in scheduling contribute to the differences in response
rates observed, remains to be elucidated.
Since alkylating agents can have different mechanisms of DNA damage and
generally lack cross-resistance, the addition of a third alkylator to this combination
was hoped to further reduce the likelihood of resistance and to increase dose intensity
[108].

- cyclophosphamide, thiotepa and carboplatin -

In the Solid Tumor Autologous Marrow Program (STAMP) of Antman and
coworkers, melphalan was initially added to the combination of cyclophosphamide
and thiotepa (STAMP III). Due to life-threatening mucositis in the first two patients,
the combination was considered too toxic and was subsequently abandoned [104]. The
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substitution of melphalan by carboplatin as the third alkylating agent resulted in the
well-known STAMP V (CTCb) regimen [109]. A phase II trial which included 29
patients with metastatic breast cancer, confirmed the results of the preceding phase I
study, and /showed that CTCb is a regimen with acceptable morbidity and a low

mortality rate [110]. This was reconfirmed in later studies, in which CTCb was
preceded by high-dose melphalan [111]. In the CTCb phase I study, the occurrence of

severe stomatitis prevented further dose-escalation [109] and the MTD's were
established at cyclophosphamide 6,000 mg/m2, thiotepa 500 mg/m2, and carboplatin
800 mg per m2 [110,111].

In the Netherlands: Cancer Institute, a similar high-dose regimen has been
developed. The dose of carboplatin is however twice that of the STAMP V regimen
(i.e. 1600 mg/2), but the dose of thiotepa is similar (i.e. 480 mg/m2) [112]. The total
dose of cyclophosphamide is identical, 6000 mg/m2. In spite of the high carboplatin
dose, this CTC regimen has been shown to be well-tolerated without severe nonhematological toxicity, even when administered sequentially in a tandem
transplantation setting [113,114]. Mucositis was manageable, requiring total

parenteral nutrition in only a very small percentage of patients [113]. In 8 heavily
pretreated patients receiving two cycles of high-dose CTC-chemotherapy, some otoand neurotoxicity were observed. All patients had been pretreated with cisplatin
[114]. Toxic deaths were not observed in either study, which included 60 CTC
courses in a total of 52 patients [112-114].
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- cyclophosphamide, thiotepa and cisplatin Recently, Ghalie and coworkers published data on a high-dose regimen
incorporating cyclophosphamide, thiotepa and cisplatin in a split-course schedule for
metastatic breast cancer [115]. It was hypothesized that by applying this schedule of

administration, the occurrence of toxic side effects would be reduced, allowing
further dose-escalation. The toxicity of this regimen, however, was considerable,
contributing to a 15 % toxic death rate. All 39 patients developed neutropenic fevers
requiring the administration of aminoglycosides, which, in combination with highdose cisplatin, may have contributed to the high incidence of renal toxicity observed
[32,115].

Cyclophosphamide, BCNU (carmustine), and Cisplatin based combinations
Among the most comprehensively investigated intensification regimens is the
STAMP I regimen, which consists of cyclophosphamide, BCNU and cisplatin (CBP).
In a phase I study, the MTD of this triple-alkylating regimen was reported to be
5,625, 600 and 165 mg/m2 respectively [116]. The major dose-limiting toxicity
consisted of hepatotoxicity, and the development of (fatal) VOD. Thrombocytopeniaassociated hemorrhage occurred only at higher dose levels in contrast to pulmonary
toxicity which was not dose-related [116,117]. When the addition of melphalan
resulted in unacceptable renal and gastrointestinal toxicity [116] this agent was
subsequently omitted from the regimen.

The MTD of combination therapy with CBP for metastatic breast cancer has
been associated with considerable treatment related toxicity, including VOD, gastrointestinal hemorrhage and a mortality rate of 14% [118]. This was thought to be,
at least partly, due to the cumulative effects of extensive pretreatment. Attempts were
made to reduce toxicity by including only those patients who had not received prior
chemotherapy for metastatic disease [119]. Treatment-related toxicity, however,
remained substantial and was also confirmed in a subsequent study that evaluated the

role of CBP dose-intensification in stage II-III breast cancer [1]. The pattern of
toxicity was not affected by omitting cisplatin. Following high-dose cyclophosphamide
and BCNU, major organ toxicities remained similar to those observed with CBP, i.e.
pulmonary and hepatic toxicity [119,120]. The substitution of cisplatin with
carboplatin resulted in the development of severe VOD in 3 out of 4 patients [121].

The death in 2 out of 3 of these patients led to the conclusion that the use of
carboplatin in this combination was not feasible.
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Cyclophosphamide-Etoposide based combinations.
The majority of the cyclophosphamide-etoposide based intensification regimens
have been investigated for their efficacy in small cell lung cancer (SCLC) and in
germ cell cancer. In a phase I study with cyclophosphamide and escalating doses of
etoposide, mucositis of the upper gastrointestinal tract was the dose-limiting toxicity.
Cyclophosphamide 7,000 mg/m2 and etoposide 1,500 mg/m2 were recommended for
further investigation. In addition, the dose of etoposide was considered sufficient to
produce effective concentrations in the central nervous system [88,122].
- cyclophosphamide, etoposide, and BCNU (CEB) -

In 1987, the results of the first randomized study were published which
evaluated the role of high-dose chemotherapy in 45 patients with SCLC [123].
Following induction chemotherapy, which included cyclophosphamide and etoposide,
responding patients were randomized to either CEB at the conventional dosages of

750 mg/m2, 600 mg/m2 orally and 60 mg/m2 respectively, or to high-dose CEB,
consisting of cyclophosphamide 6,000 mg/m2, etoposide 500 mg/m2 and BCNU 300

mg/m2. The median disease-free survival, from the time of randomization, was 7
months in the high-dose CEB-arm, compared to 2.5 months in the control arm
(p=,0.002) [123]. However, a significant difference in overall survival could not be
established, which was partly due to the high percentage of deaths during the period
of bone marrow aplasia following high-dose CEB. It was suggested that improvement

in supportive care and the use of alternative agents, such as carboplatin, might
eventually contribute to an increase in the efficacy of high-dose chemotherapy in this
patient group [123].
- cyclophosphamide, etoposide and carboplatin (CEC) -

Two phase I studies have evaluated the feasibility of a high-dose CEC
chemotherapy regimen, consisting of cyclophosphamide, etoposide and carboplatin,
with ABMT or peripheral blood stem cell transplantation (PSCT) [124,125]. Both
studies applied a dose-escalation schedule for one of the 2 alkylating agents. Doseescalation of carboplatin resulted in acute renal failure as the dose-limiting toxicity
[124]. This occurred in 2 of 14 patients who had received a dose of 1,600 mg/m2
carboplatin.

Both patients had previously been

and/or
carboplatin and were 'markedly obese'. The dose of carboplatin had been prescribed
on the basis of their total body weight, and both had creatinine clearances of slightly
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above 60 ml/min prior to the administration of CEC. If the creatinine clearance had
been expressed as clearance according to the standard body surface area of 1.74 m2, it

would have been below 60 ml/min. in both patients. The investigators therefore
suggested that the dose of carboplatin should have been adjusted to ideal body weight
in order to prevent overdosing and serious renal damage [124].
In a subsequent study in 30 patients with cisplatin-refractory germ cell cancer,
dose-escalation of cyclophosphamide with fixed doses of carboplatin (1500 mg/m2)
and etoposide (1200 mg/m2) was evaluated [125]. Fourteen patients who responded to
the first course were retreated. The second cycle was administered 4 to 6 weeks after
hematologic recovery. Two toxic deaths occurred related to myelosuppression, while
other major toxicity involved the liver, manifested as cholestasis which occurred in 17
patients (57%); VOD was not observed [125]. Interestingly, the 7 patients (23%) who
achieved a durable complete remission, at a median follow-up of 11.4 months (range

5.6-35.5), were those who received 2 courses of high-dose CEC. The two patients
who achieved a complete response after a single course of CEC were not retreated
and subsequently relapsed [125].

Carboplatin-Etoposide based combinations
The combination of high-dose carboplatin and etoposide followed by autologous bone marrow rescue has particularly been applied in relapsing or refractory
germ cell cancer. In a phase I study performed in the Indiana University program, the
MTD of carboplatin was 1500 mg/m2 in combination with etoposide 1200 mg/m2
[126]. The dose limiting toxicity was enterocolitis; toxic deaths (21 %) were observed
with doses above 1500 mg/m2 carboplatin. At these dose levels, hepatic toxicity
developed in 8 patients (24%) with a fatal outcome in one [126].
The feasibility and efficacy of combination therapy with carboplatin 1500
mg/m2 and etoposide 1200 mg/m2 was subsequently investigated in a phase II trial in
refractory germ cell cancer [127]. Patients who responded to the first high-dose
chemotherapy cycle, received a second one. Five of 38 patients (13%) remained
disease-free for more than 1 year. However, the toxicity of this regimen was
substantial including treatment-related deaths in 5 patients (13%). All deaths occurred
after the first transplantation [127]. Toxic deaths were due to sepsis, hemorrhage or
hepatic failure, including one VOID. Patients with refractory mediastinal germ cell
tumors did not appear to benefit from this high-dose chemotherapy regimen and were
therefore excluded from further studies [127,128].
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In an attempt to improve the efficacy, ifosfamide has been added to the highdose carboplatin-etoposide regimen [129]. Severe renal toxicity was, however,
observed at the first dose level (10 g/m2), which precluded the planned further dose
escalation. This is in contrast to data avalable from an Italian multicenter study, in
which It patients received 12 g/m2 ifosfamide, 1350 mg/m2 carboplatin and 1200
mg/m2 etoposide [130]. No renal toxicity was observed despite the simultaneous
administration of the aminoglycoside antibiotic amikacine in some of these patients.

Severe mucositis was the major toxicity., recorded. Neurotoxicity has not been
observed in either of the high-dose single-agent ifosfamide studies [129,130].

Cyclophosphamide-Busulfan based combinations
Limited data is available on the use of high-dose cyclophosphamide and
busulfan in solid tumors. In hematological malignancies it is a well-known preparative
regimen for autologous or allogeneic bone marrow transplantation [131].

A phase II study has been published recently which investigated the
administration of high-dose cyclophosphamide and busulphan in 15 patients with
advanced breast cancer [132]. Despite a high complete response rate, the response
duration was brief. Hyperbilirubinemia developed in 3 patients (20%) without clearcut evidence of VOD; 2 patients (13 %) died of treatment-related toxicity, the first due
to sepsis and the second following diffuse alveolar hemorrhage [132].

Mitoxantrone based combinations
- mitoxantrone and melphalan A high-dose chemotherapy regimen which included mitoxantrone has been used
in advanced breast cancer [133]. Thirty patients who were in complete remission after
standard-dose chemotherapy, received a combination of mitoxantrone, 60 mg/m2, and
melphalan, 180 mg/m2 supported by ABMT or PSCT. This resulted in a median
disease-free survival (DFS) of 27 months and a 43% DFS at 3 years [133]. In an
earlier study, cyclophosphamide had been substituted by melphalan when the
combination of high-dose cyclophosphamide and mitoxantrone frequently resulted in
hemorrhagic cystitis [73] and cardiotoxicity [134]. Significant cardiotoxicity has not

been reported for the combination of mitoxantrone and melphalan, despite the
inclusion of patients previously treated with anthracyclines or those having received
external thoracic radiation [132,133]. The major toxicity of this regimen is mucositis
[133].
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- mitoxantrone and thiotepa A dose-escalation study of mitoxantrone administered with thiotepa for
metastatic breast cancer has recently been published [135]. The dose-limiting toxicity

of mitoxantrone in combination with thiotepa, 900 mg/m2, appeared to be cardiotoxicity. The MTD of mitoxantrone was 50 mg/m2 [135]. Infectious complications
and severe mucositis were other frequently encountered toxicities of this regimen.

- mitoxantrone and carboplatin Mitoxantrone, 40-50 mg/m2, in combination with carboplatin, 1500 mg/m2, has
little or no activity in the treatment of breast cancer and is associated with
considerable toxicity [136].

DISCUSSION

Until recently, high-dose chemotherapy with autologous stem cell support in
solid tumors has almost exclusively been evaluated in small feasibility- or phase II
studies. Compelling reasons not to proceed to prospective randomized studies
included the high costs of treatment, the need for prolonged hospitalization, the
extensive toxicity and the significant treatment-related mortality rates. Dramatic
advances in the technology of supportive care and essential information on the toxicity
of high-dose regimens specifically designed for solid tumors, are currently changing
the scene. Several randomized phase III studies are now in progress to study the role
of high-dose adjuvant chemotherapy in high-risk breast cancer and many more studies
are being designed for advanced breast cancer, germ cell cancer and ovarian cancer.
Several non-randomized studies utilizing historical controls have suggested
substantial advantages of high-dose therapy over conventional treatment. High-dose
therapy has been shown to achieve long-term disease-free survival in some patients
with 'incurable' germ cell cancers and many oncologists (and patients) believe that
high-dose therapy may become the 'standard' for adjuvant chemotherapy in breast
cancer patients with unfavorable characteristics. Randomized studies are urgently
needed to substantiate these claims. At the same time, high-dose therapy is rapidly

evolving and regimens and techniques that appear to be adequate today may be
viewed as outdated next year. In addition, high dose therapy may not be the same as
high dose therapy. It is quite possible that some high-dose regimens will eventually
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prove to be associated with significant cure rates in certain tumors, while others may
not. Meaningful comparisons of efficacy are impossible at this stage (Table II), and
the treatment results in individual studies may illustrate patient selection rather than
the choice of agents and doses in the chemotherapy regimen.
The selection of agents to be included in a high-dose regimen is essentially
based on a number of theoretical considerations that currently lack sufficient clinical
confirmation. For instance, it is commonly believed that each agent in a high-dose
regimen should have activity in the relevant tumor type at conventional doses. Agents
that have steep dose-response curves in vitro or in animal systems are preferred and
combinations of drugs that show little cross-resistance in vitro are particularly

attractive. Most alkylating agents share these properties and since the dosages of
many of these can be escalated several times in humans before dose-limiting organ
toxicity appears, multiple alkylator regimens are currently in favor [98-1021.
In the absence of convincing evidence that one regimen is more active than the
other, it is reasonable to focus on toxicity if. a regimen must be selected for a

randomized study. This is even more important if the study aims to evaluate highdose therapy in the adjuvant setting, especially when some patients may already be
cured. Even the level of toxicity is at this point difficult to extract from the published
literature. The treatment-related death rate, for instance, may be influenced
significantly by the performance status and extent of pre-treatment. It may depend on
the experience and expertise of the investigators, and it may be influenced by the type
of supportive care employed. Nevertheless, it is clear that certain drugs are associated

with severe organ toxicities (Table I). Busulfan, mitomycin C and BCNU are
associated with VOID and the latter two may also cause interstitial pneumonitis. Both
toxicities are not strictly dose-dependent, but are frequently fatal. Cisplatin and
ifosfamide have been associated with acute renal failure when administered in high

doses. In addition, high-dose cisplatin is associated with severe and irreversible
hearing loss and neuropathy, both of which may significantly impair the quality of life
in survivors.
The alkylating agents cyclophosphamide, thiotepa, carboplatin and melphalan
are not associated with irreversible or unpredictable fatal organ toxicities and have
been studied widely in high-dose regimens. The dose of each of these agents can be

escalated at least four fold if adequate supportive care is employed, and all have a
broad-spectrum activity in solid tumors. Combinations of cyclophosphamide, thiotepa

and carboplatin have been studied by several groups and found to be safe and
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tolerable (Table II). The addition of melphalan to cyclophosphamide and thiotepa
appeared to be associated with severe mucositis and was therefore abandoned by the
Boston group [104]. Thus, combinations of cyclophosphamide, thiotepa and
carboplatin may presently be considered the most suitable triple-alkylator regimens
for adjuvant chemotherapy studies in solid tumors. It must be stressed, however, that
this statement is tentative and that randomized studies will be required to confirm or
deny it.

If one assumes that a combination of cyclophosphamide, thiotepa and
carboplatin constitutes a suitable basis for a high-dose regimen, the relevant question

is whether or not a single course of this regimen is sufficient. Tandem high-dose
regimens have been shown to be feasible and clearly lead to a further increase in dose

intensity. Recent experience from the Boston group has shown that CTCb can be
administered shortly after a course of high-dose single-agent melphalan [111], and
experience in our institute has shown that two courses of CTC can be delivered safely

within six weeks [114]. Employing autologous peripheral blood progenitor cell
transplantation and - eventually - ex vivo expansion of progenitor cells may enable
investigators to administer three or even four courses of high-dose therapy with only

three- or four-week intervals. There is little doubt that the feasibility of these
approaches will be limited by organ toxicities rather than by myelosuppression.
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SUMMARY

Background.
The prognosis of patients with stage III B breast carcinoma with tumour spread
to the apical axillary lymph nodes has hardly improved despite adequate locoregional
control and the introduction of systemic adjuvant therapy. A combined modality
regimen that includes anthracyclin-based chemotherapy, high-dose chemotherapy with
peripheral stem cell support, radiation- and hormonal therapy is currently under

investigation in this subset of patients. The present study aims to document the
efficacy and feasibility of dose-intensive epidoxorubicin in combination with a
standard dose of 5-fluorouracil and cyclophosphamide as up-front chemotherapy in
this setting.

Patients and methods.
A preoperative chemotherapy regimen consisting of 3 courses of 5-fluorouracil
500 mg/m2, epidoxorubicin 120 mg/m2 and cyclophosphamide 500 mg/m2 (FE120C)
was administered at 21-days intervals without haematopoietic growth factors to 70
patients with apex-node positive disease. All patients were below 60 years of age and
had not had prior chemotherapy or radiotherapy.
Results.

Sixty-six patients were evaluable for clinical response and in 62 of these
histopathological examination could be done. Thirteen patients achieved a clinical
complete response (20%). Of these patients, microscopic examination of the mastectomy specimen revealed absence of malignant cells in 2 and exclusively ductal carcinoma in situ (DCIS) in another 2 patients. In addition, of the 46 patients (70%) with a

clinical partial response, at pathologic examination 5 had DCIS or sclerosis only,
resulting in a pathological complete response in 9 (15%) of all patients. None of the
patients progressed during chemotherapy.

The major toxicity was moderate bone marrow suppression with a median
WBC nadir of 1800/14l (range 500-4900). Other toxicities were mild. The full planned
dose could be given without delays in 66 of 70 patients.
Conclusion.
FE120C is well-tolerated and is highly effective as up-front chemotherapy in

relatively young patients with high-risk breast cancer, with a 90% (CI 74%-98%)
clinical objective response rate.
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INTRODUCTION

Breast cancer patients presenting with tumour spread to the apical axillary
lymph nodes but without distant metastases, constitute a prognostically very unfavourable subgroup of node-positive patients. Local treatment of the primary tumor by

radiotherapy results in a 5-year survival rate of only 21.5% to 40% [1,2]. When a
radical mastectomy is performed, a local regional recurrence rate of 46 % is reported
[3]. The vast majority of breast cancer patients with apex-node positive disease die
from metastatic disease, indicating that occult systemic metastases must have been
present at the time of first presentation. In view of these data, it has been our policy,
to precede a planned mastectomy with an apical axillary lymph node biopsy [3].
When on frozen section tumour involvement of the lymph node is observed, surgery
is canceled and the patient is scheduled for locoregional radiation therapy. Additional
systemic treatment in patients with apex-node positive disease has been shown to be
of no benefit. In a three-armed study we published previously, radiotherapy alone (1)
was compared with (2) radiotherapy followed by 12 courses of cyclophosphamide,

methotrexate and 5-fluorouracil (CMF) and with (3) radiotherapy preceded and
followed by chemotherapy consisting of CMF alternated by doxorubicin and vincristi-

ne (CMF/AV) in combination with tamoxifen [4]. The three treatment arms led to
comparable results, with relapse free survivals of less than 36% and 20% at 3 and 5
years respectively, and an overall survival of 60 % and 40 % [4]. These results were
confirmed in 2 subsequent large studies, the EORTC Breast Cancer Co-operative
Group Trial 10792 and the recent study of Perez et al, both of which showed no
significant difference in overall survival in locally advanced breast cancer whether
treated by radiotherapy alone or followed by systemic treatment [5,6].
Since it can be assumed that clinically occult metastases are present in virtually

all patients with apical axillary lymph node-positive breast cancer at the time of
diagnosis, initiation of systemic treatment as early as possible would appear to be
logical. The biological rationale for the up-front administration of chemotherapy is
based on studies on tumour cell kinetics in mice, which have yielded substantial
evidence that surgery or radiation of a primary breast tumor resulted in an accelerated
growth of metastases induced by the release of growth stimulating factors. The most
effective control of residual tumor cells and improvement of survival was obtained by
administration of the largest tolerable dose of chemotherapy, prior to removal of the
primary tumour [7-9].
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In practice, pre-operative chemotherapy has been employed in attempts to
reduce the size of large but resectable breast cancers in order to allow breast conservation [10-15]. The majority of the pre-operative chemotherapeutic regimens contain
standard-doses of cyclophosphamide, 5-fluorouracil and either methotrexate or an
anthracyclin. In these studies, which comprise a heterogeneous patient population,
following up-front chemotherapy clinical response rates of 57 % to 83 % have been
reported.

In an attempt to improve the outlook for patients with apical node-positive
stage III breast carcinoma, we have developed a combined modality regimen incorporating pre-operative chemotherapy followed by surgery, high-dose chemotherapy with
autotransplantation, radiation therapy and hormonal therapy [16] (Figure 1). Such an
approach requires a highly effective up-front chemotherapy regimen consisting of a
small number of courses in a short period of time which is well-tolerated by young

chemotherapy-naive patients. For this purpose, we investigated the feasibility and
efficacy of FEC with administration of a relatively high-dose of epidoxorubicin, 120
mg/m2, (FE120C). As an anthracyclin, epidoxorubicin ranks among the most effective

agents in breast cancer and it has been reported to have a more favourable toxicity
profile than its parent-compound, doxorubicin [17,18].
As the treatment results were evaluated by different techniques, i.e. physical
examination, mammography, histopathology, the study also allowed mutual comparison of their efficacy. Haematopoietic growth factors were not used, because repeated
high-dose chemotherapy with growth factor support could possibly compromise later
attempts to mobilise peripheral haematopoietic stem cells [f9].
This study confirms and extends our previously published preliminary experience with the FE120C-regimen [20].

PATIENTS AND METHODS

Patients

To be eligible for the study, patients had to meet the following criteria:
histologically or cytologically documented epithelial carcinoma of the breast with
apical axillary lymph node metastases at exploration, i.e. stage IIA-IIIB disease but
otherwise operable according to the Haagensen criteria [21]; no evidence of distant
metastases; age below 60 years; ECOG/ZUBROD WHO performance status 0 or 1.
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Renal and hepatic functions had to be adequate, with a creatinine clearance of >_ 60
ml/min and a serum bilirubin of :9, 25 umol/1 respectively. Normal bone marrow
function was required with a,white blood cell count (WBC) > 4.0x109/1 and platelets
> 100x109/1. A history of other, malignancies was not acceptable, except adequately
treated in situ carcinoma of the cervix or basal cell carcinoma of the skin. Premeno-

pausal status was defined by regular menstrual cycles; patients were designated
perimenopausal in case of amenorrhoea for less than one year. All other patients were
considered to be postmenopausal.

Informed consent was obtained from all patients according to institutional
guidelines. The study was approved by the Institutional Ethical Committee.

Pretreatment evaluation
Pretreatment evaluation included history and physical examination, full blood
count, liver function tests, serum chemistries, creatinine clearance, urinalysis, chestroentgenograms, mammography, radioisotope bone scan with additional roentgenograms when indicated, ultrasound examination of the liver, electrocardiography
(ECG) and radionuclide cardiac ejection fraction. The histological diagnosis of
carcinoma was established by a biopsy of the apical axillary lymph nodes.

Treatment
The pre-operative chemotherapy regimen consisted of three consecutive courses
of 5-fluorouracil 500 mg/m2, epidoxorubicin 120 mg/m2 and cyclophosphamide 500
mg/m2, FE,20C, administered at 3-weeks intervals, without haematopoietic growth

factors. All drugs were administered by injection in a freely running intravenous
infusion. Dose modifications were applied depending on the WBC and platelet count
at the start of each chemotherapy cycle. If the WBC was 3000/µl or less at day 21, or
the platelet count below 100,000/µl, retreatment was delayed for a week. If after this
week recovery had occurred, a full dose of all three agents was administered. If the
WBC count was still less than 3000/1l but over 2000/µl, a 50% dose reduction was

applied. If the WBC was even lower or if the platelet count remained less than
100,000/µl, the patient was taken off study.
Anti-emetics were employed both prophylactically and as needed, and consisted
of 5 HT-3 antagonists with or without dexamethasone. Patients showing progression

at any time during chemotherapy went off study to receive immediate radiation
therapy (Figure 1). In case of clinical objective response or stable disease, a mastecto59
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my or a tumourectomy was performed three to four weeks after the third- cycle.
Patients considered to have clinically "FEC-responsive" tumors- were subsequently
randomised in a second study, in which the curative potential of dose intensification
with peripheral blood progenitor cell support, followed by surgery, radiotherapy and
hormonal treatment are investigated (Fig. 1). Toxicity and efficacy data of the highdose chemotherapy regimen, consisting of cyclophosphamide, thiotepa and carboplatin
(CTC), have been reported previously [16,22].

Apex Node Positive Disease
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120
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RD
SD

off study

0 RADIOTHERAPY

SURGERY
1
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C4
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1
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l
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Figure 1. Outline of the study.
FE,2C-5-fluorouracil 500 mg/m2, epidoxorubicin 120 mg/m2, cyclophosphamide 500 mg/m2; RDresponsive disease; PD-progressive disease; SD-stable disease; G-CSF-granulocyte-colony stimulating
factor; CTC-carboplatin, thiotepa, cyclophosphamide; PSCT-peripheral stem cell transplantation.,,
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Evaluation of response
The clinical response was evaluated by physical examination of the breast and
of the axilla. This was performed independently by a surgeon and by a medical
oncologist prior to the first course of chemotherapy and immediately before surgery.
At the start of the second and the third cycles of FE,20C, the medical oncologist
assessed the tumour response again. The clinical staging of the primary tumour was
done using the TNM classification system adopted by the UICC [23]. The sum of the
product of the two largest perpendicular diameters of all measurable lesions (e.g.
breast nodule and axillary lymph node) was calculated and used as the parameter
indicating tumour response. A partial remission was defined as a greater than 50%
reduction in size of this sum. Less than 50% tumour reduction was reported as stable
disease. A complete response was defined as the disappearance of all detectable
lesions.

The clinical responses to chemotherapy, as judged by physical examination,
were correlated with the findings at pathological examination of the resected specimen, in order to confirm the chemosensitivity of the primary tumour. All specimens

were reviewed by one of the authors (J.L.P.), who was blinded with respect to
clinical response. Pathologic complete response was defined as no evidence of
invasive carcinoma at histopathologic examination of the mastectomy specimen. The
dextran-coated charcoal method was used to define the receptor-status of the tumour
[24].

Evaluation of toxicity

Toxicity was expressed in grades according to the WHO criteria [25]. To
determine bone marrow toxicity, full blood counts were assessed prior to each cycle
and at weekly intervals.

RESULTS

Patient characteristics
A total of 70 patients were entered in this study, 5 of whom did not meet the
entry criteria. Four patients had undergone a mastectomy with axillary node dissection elsewhere, at which time tumour spread to the apical lymph nodes had been found.
As a result, they were evaluable for toxicity, but not for response. The fifth patient
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was inoperable because she had inflammatory breast cancer with multiple skin
metastases. She was, however, evaluable for toxicity as well as for clinical response,
resulting in a total of 66 (94 %) patients being evaluable for clinical response.
Following FE1 C up-front chemotherapy,. 4 patients refused surgery, leaving
62 (89%) patients available for pathological reponse evaluation.
Pretreatment patient characteristics are listed in Table 1. All patients had .a
good performance status. The median age was 44 years and the majority of patients
was premenopausal (Table l).
Table 1. Pretreatment patient characteristics (n=70)
Characteristics

Age (years)
median (range)

< 40
40-49

50-59

No.of patients

(%)

44(24-59)
18

(26)

35
17

(50)

67

(96)

3

(4)

48

(69)
(11)
(20)

(24)

Performance status
(ECOG/ZUBROD-WHO)
0
1

Menopausal status
premenopausal
perimenopausal
postmenopausal
Hormonal receptor status
ER-/PR-

8

14

15

ER+ /PR+
ER-/PR+
ER+/PR-

22
5

unknown

17

Stage of the disease (clinical)
Stage IIA
Stage IIB
Stage IIIA

10
17

Stage IIIB

62

11

(21)
(31)
(7)
(16)
(24)

35

(15)
(26)
(53)

4

(6)
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Clinical and pathological response (Table 2 and 3)

In thirteen patients (20%) a clinical complete response (CR) was observed
(Table 2), which was confirmed at histopathological examination of the resected
.

specimen in 4, in which either DCIS (n=2) or sclerosis only (n=2) was found (Table
3). In the remaining 9 patients in clinical complete response, microscopic examination
of the mastectomy specimen revealed small areas of invasive carcinoma, which, in 1
of them, was confined to 2 of the 7 resected axillary lymph nodes. In this patient, the
mastectomy specimen was reported to contain only DCIS (Table 3).

Table 2. Relationship between clinical tumour stage and clinical response (n=66).
A. Clinical tumour size

Clinical Response
CR

PR

SD

Total (%)

To

3

1

-

4(6)

T1

2

1

-

3 (5)

T2

5

16

-

21 (32)

T3

3

26

5

34 (52)

T4

-

2

2

4(6)

7 (11)

66 (100)

Clinical tumour size

Total (%)

13 (20)

46 (70)

B. Clinical nodal state
Clinical Response

Total (%)

CR

PR

SD

No

2

7

-

9(14)

N1

11

24

4

39 (59)

N2

-

15

3

18(27)

Clinical nodal state

Total (%)

13 (20)

46 (70)

7 (11)

66 (100)
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Clinical partial responses (PR) were observed in 46 patients (70%) (Table 2).
At histopathological examination, 5 patients were found to be in complete remission,
including 1 patient in whom pathology showed only extensive sclerosis (Table 3).

Seven patients (11%) were considered to have clinical stable disease (SD), and
histopathological examination revealed invasive carcinoma in all (Table 3).

Table 3. Relationship between clinical response and findings at histopathologic examination
(n =62).

Pathological evaluation

Clinical response

Tumor
negative

Complete

Partial
Stable
Total (%)

2
1

3 (5)

Invasive
carcinoma

DCISa
only

Total (%)

9b

2

13 (21)

37°

4

42 (68)

7

-

7(11)

53 (85)

6 (10)

62d (100)

DCIS-ductal carcinoma in situ
b following up-front FE,,C, in 1 patient the primary tumor contained only 1 small focus of
DCIS; however, 2 of the 7 axillary lymph nodes showed invasive carcinoma.
In 3 patients pathologic examination revealed a complete response in the breast; small foci of
invasive carcinoma were observed in the axillary lymph nodes only.
d 4 patients refused surgery

In summary, the overall clinical objective response rate was 90%, with a 15%
pathological complete remission. The pathological complete remissions were observed

in 4 patients with a clinical complete remission and in 5 patients who obtained a
clinical partial response. In none of the patients tumour progression was observed
during chemotherapy. Although clinically stable disease was observed only in the
larger tumours, there was no obvious relationship between tumour size and clinical
response (Table 2A). Of the T2 tumours, 24% showed a clinical complete response
compared with only 9 % of the T3 tumours but this difference is not statistically
significant. With regard to nodal status (Table 2B), no significant difference was
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observed in patients described as either clinically N, or N2, showing objective
response rates of 90% and 83% respectively.
In the majority of patients, one or both hormonal receptors were found to be
positive (Table 1). In 17 patients the hormonal receptor status could however not be
defined due to a lack of sufficient material available for histopathological examinati-

on, which includes the 4 patients who refused surgery and those who obtained a
pathological complete remission. There was no clear relationship between receptor
status and response (data not shown). While all patients showing clinical stable
disease were premenopausal, the preponderance of premenopausal patients in the
studied group as a whole (Table 1) excludes a reliable judgement as to a relationship
between menopausal status and response.

Evaluation by mammography
Although, following up-front

a second mammography

was not routinely performed, 2 sequential mammographies were available for
radiological evaluation in 38 out of 66 clinically evaluable patients (58%).

In 2 of 7 patients in clinical complete remission, available for radiological
response evaluation, the second mammography confirmed the clinical findings. In the
remaining 5 patients, evaluation by mammography showed a partial response in 4
cases and progressive disease in 1. In the last patient, the histopathology, however,
was in concordance with the clinical observation. Of the 25 patients in clinical partial
remission, of whom both mammographies were available, radiological examination

confirmed the clinical findings in 8. Of the remaining 17 'patients, radiological
evaluation reported stable disease in 14 and progressive disease in 3 patients. The
histopathological examination of these 3 patients showed extensive invasive carcinoma

in 2 and abundant necrosis and sclerosis with a small area of invasive carcinoma in
one. Finally, of the 6 radiological evaluable patients with clinically stable disease, 5
showed no response on mammography and 1 was described as progressive.
Toxicity (n = 70)

As expected, the main toxicity of the FE120C regimen consisted of bone
marrow suppression (Table 4). In three patients (4%) a one-week treatment delay of

the third cycle of chemotherapy was necessary because of neutropenia. Three
patients, 1 of whom twice, required hospitalization because of neutropenic fever.
Apart from a single positive culture with a Branhamella catharalis from the sputum
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of one patient, who showed no other signs of respiratory tract infection, no positive
cultures were obtained. All patients showed a rapid recovery after intravenous
administration of antibiotics. Whereas a brief grade IV thrombocytopenia was
observed in a single patient after the third FE120C-course (Table 4), platelet transfusions were not necessary. In none of the patients, dose reductions had to be performed.
Table 4. WBC and platelet nadirs after subsequent courses of chemotherapy.

Course of chemotherapy
Nadirs (median;range)
WBC x 106/L

FE,ZOC 1
1800

(900-4600)

Platelets x 109/L

166

(46-272)

FE,ZOC 2

FE,ZOC 3

2000
(500-4200)

2000
(500-4900)

175

(48-398)

171

(20-319)

Gastro-intestinal toxicity consisted mainly of nausea and vomiting despite
prophylactic anti-emetic therapy. One patient had grade IV nausea and vomiting
during 3 days after the third course whereas more than 85 % of the patients experienced grade II or less. Mucositis was mild and was grade I or less in over 80% of the
patients. The occurrence of mucositis was equally distributed over the 3 courses of
chemotherapy (data not shown).
On suspicion of cardiotoxicity, a 36-year old patient had to be excluded from
further participation in this study. Three weeks following the first course of FE12OCchemotherapy, a 15% decrease in radionuclide left ventricular ejection fraction was

reported, while at the same time her cardial history, physical examination and the
ECG were normal. One week later, a second radionuclide scan revealed a normalised
ejection fraction, which was confirmed, 1 month and 3 months later. Although the

significance of this finding was uncertain, she was taken off study and received
radiotherapy for local control of breast cancer.
A total of 205 cycles .of up-front FE12OC-chemotherapy were administered
during which in 1 patient extravasation of epidoxorubicin was observed.
Finally, as expected, complete but reversible (grade 111) alopecia was observed
in all patients.
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DISCUSSION

The up-front administration of FEC chemotherapy using dose-intensive
epidoxorubicin (FE120C) in 70 patients with apex-node positive breast cancer resulted
in a high objective response rate of 90% (confidence interval 74-98%), with a clinical
complete remission in 20% of cases. Progressive disease was not encountered.
A relationship between anthracyclin dose and response has been reported by
several investigators [26-29] and it appears reasonable to ascribe the high objective

response rate obtained in the present study to the elevated dose of epidoxorubicin.
Recently, however, similar high rates of clinical and pathological complete remissions
were reported following the up-front administration of a standard dose of epidoxorubicin (50 mg/m2) in combination with cisplatin and continuous infusion of 5-fluorouracil (5FU) in large primary breast cancers [30]. In this study, the favourable results
were ascribed to the continuous exposure to 5FU and to the possible synergy between
cisplatin and 5FU. In general, following primary chemotherapy response rates of 57%
to 96% have been reported [10-15,28,31].
Despite the high dose of epidoxorubicin, the degree of bone marrow toxicity
was only moderate. This is certainly a result of the fact that none of the patients had

received prior systemic treatment or radiotherapy. In addition, the patients were
relatively young and had an excellent performance status. It cannot be excluded that
continuing chemotherapy at a 21-day interval beyond three courses would lead to
some cumulation of toxicity and that delays or dose modifications might become less
exceptional then. In the subsequent part of the study, 3 weeks following surgery 31
patients received a fourth course of FE120C-chemotherapy followed by G-CSF to
mobilise peripheral blood progenitor cells. No excess toxicity was noted and high
numbers of haematopoietic stem cells could be harvested in 30 of them [16].

With regard to the diagnostic parameters for response evaluation, a clear
discrepancy between the reported clinical responses and the findings at histopathological examination of the mastectomy specimens was observed, which is in agreement with data of other investigators [30]. In only 4 of the 13 patients in clinical
complete remission, the histopathology confirmed this response, whereas in 5 patients
reported to have a clinical partial response, a pathological complete remission was
observed (Table 3). In some of these patients, pathological examination disclosed the

presence of small foci of DCIS, which can reasonably be viewed as a complete
response [33]. In the recent study of Chevallier et al [28], in which patients with
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inflammatory breast cancer were treated with FEC with 115 mg/m2 epidoxorubicin
("FEC-HD") up-front, in half of the 25.6% patients described as having a pathological complete, response, the mastectomy specimen contained DCIS. In an additional 3
patients in clinical partial remission, the mastectomy specimen showed a pathological
complete response but the axillary lymph nodes, which were not palpable at physical
examination, still contained deposits of infiltrating carcinoma (Table 3). Similar
observations were made by other investigators [33]. Thus, it would appear that
histopathological examination of the breast and the axilla is required for an accurate
estimate of the effect of up-front chemotherapy. A palpable tumour in the breast after
chemotherapy may consist entirely of fibrosis or may contain only carcinoma in situ.
Although the number of patients available for radiological evaluation was
small, comparison of the clinical examination with the mammography showed

disagreement in the majority of cases, especially in patients in clinical partial
remission (data not shown). This is in contrast with the results of the study of
Moskovic et al [34], who reported agreement between clinical- and radiological
evaluation in 79% of patients. However, in two-third of these patients they observed a
difference in degree of response, the radiological response lagging behind the clinical

response. They argued that residual parenchymal fibrotic density with associated
architectural distortion in the region of greatest initial tumour volume and persisting
unchanged 'malignant' calcification were mainly responsible for the underestimation
of clinical response. In addition, they quantified minimal response as a seperate
parameter, as opposed to the present study in which minimal responses were reported

as stable diseases, which may in part explain the lesser agreement in clinical- and
radiological evaluation.
In conclusion, three cycles of FEC with dose-intensive epidoxorubicin (FE120C)

is clearly acceptable as an up-front chemotherapy regimen in high risk breast cancer
patients. High response rates are obtained though the design of the, study does not
allow any conclusions regarding the duration of the response. FE120C appears to be
well-tolerated with moderate bone marrow suppression as its major toxicity. In view
of the continued attention for the development of combined modality approaches in
the treatment of high-risk breast cancer, FE120C seems to fulfill all the requirements
for an adequate up-front chemotherapy regimen. Following surgery, a fourth course

of FE120C to induce mobilisation of autologous peripheral progenitor cells can
successfully be administered without additional toxicity [16].
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SUMMARY

In twenty-nine chemotherapy-naive patients with stage II-I11 breast cancer,
peripheral blood stem cells (PBSC) were mobilised following 5-fluorouracil 500
mg/m2, epidoxorubicin 90-120 mg/m2 and cyclophosphamide 500 mg/m2 (FEC) and
granulocyte colony stimulating factor (G-CSF; Filgrastim) 300 ug s.c. daily. In all but
one patient, mobilisation was successful, requiring three or fewer leucocytopheresis
sessions in 26 patients; 28 patients subsequently underwent high-dose chemotherapy
consisting of carboplatin 1600 mg/m2, thiotepa 480 mg/m2 and cyclophosphamide
6 g/m2 (CTC) followed by PBSC-transplantation. Haemopoietic engraftment was rapid
with a median time to neutrophils of 500x106/1 of 9 days (range 8-10) in patients who

received G-CSF after PBSC-transplantation; platelet transfusion independence was
reached within a median of 10 days (range 7-16). Neutropenic fever occurred in 96%
of patients. Gastrointestinal toxicity was substantial but reversible. Renal, neural or
ototoxicity was not observed. Complications related to the central venous catheter
were encountered in 64% of patients, with major vein thrombosis occurring in 18%.
High-dose CTC-chemotherapy with PBSC-transplantation, harvested after mobilisation

with FEC and G-CSF, is reasonably well tolerated without life-threatening toxicity
and is a suitable high-dose strategy for the adjuvant treatment of breast cancer.

INTRODUCTION

The ability of adjuvant chemotherapy to improve long-term disease-free and
overall survival in patients with breast cancer and tumour-positive axillary lymph
nodes is now widely recognised [1,2]. The precise characteristics of patient groups
that benefit most from this treatment modality and the optimal type, duration and
intensity of chemotherapy, however, continue to be subjects of intensive research [3].
One major approach to further improve the results of chemotherapy in breast
cancer is dose intensification [4,5]. Studies with haematological growth factors such
as granulocyte-colony stimulating factor (G-CSF) and granulocyte-macrophage-colony
stimulating factor (GM-CSF) have shown that the chemotherapy dose per unit of time

can be increased by a factor 1.5 - 2.0 (as compared with 'standard' doses) in young
patients with breast cancer [6,7]. At these dose levels, thrombocytopenia and organ
toxicity become dose-limiting. In non-randomised studies, this type of intensified
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chemotherapy typically leads to high response rates in patients with advanced disease,
but not to long-term survival. Further dose escalation, beyond the levels achievable

with growth factors alone, requires autologous bone marrow stem cell support. In
patients with advanced disease, high-dose multiple alkylator chemotherapy may lead
to a 17-26% long-term disease-free survival [8]. Subgroup analyses of non-randomized studies suggest that patients who receive high-dose chemotherapy as consolidation treatment in a chemotherapy-induced complete remission may profit most [9].
The preliminary results of a prospective Dutch multicentre study indicate a similar
effect [10].

Recently, a number of studies have investigated the feasibility of high-dose
chemotherapy with autologous bone marrow support in young patients with high-risk
MO breast cancer [11-13]. The largest of these [13] reported on 85 patients, who
received four cycles of cyclophosphamide, doxorubicin and 5-fluorouracil, followed
by a high-dose chemotherapy regimen incorporating cyclophosphamide, cisplatin and
BCNU. The relapse-free survival of these patients appears to be markedly improved
over that of historical controls, but a high toxic death rate of 12% is disturbing,
particularly for a treatment strategy designed for the adjuvant setting. It is reasonable
to assume that the morbidity associated with prolonged myelosuppression can be
substantially reduced by employing peripheral blood stem cell transplantation, with its
significantly decreased times to neutrophil- and platelet recoveries. In addition, organ
toxicity such as interstitial pneumonitis and renal function impairment are notorious
sequelae of high doses of BCNU and cisplatin, respectively, and regimens employing

other drugs may well prove to be less toxic. To explore these issues, we have
initiated a still ongoing randomised phase II study of high-dose chemotherapy
incorporating cyclophosphamide, thiotepa and carboplatin (CTC) with autologous
peripheral blood progenitor cell support in high-risk breast cancer following four
courses of 5-fluorouracil, moderate-dose epidoxorubicin and cyclophosphamide
(FEC). The high-dose CTC regimen in this study [14] resembles the STAMP V
regimen of Antman [15], but contains twice the dose of carboplatin. The approach
developed in this study has led to a Dutch national randomised phase III study which
has recently begun patient recruitment. Similar studies have been initiated or are

being planned throughout Europe and in the USA. Here, we report our singleinstitution experience with the mobilisation and harvest of peripheral blood progenitor
cells, employing chemotherapy with FEC and G-CSF, and we describe the toxicity
and haemopoietic reconstitution after high-dose CTC chemotherapy.
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PATIENTS AND METHODS

All patients in the Netherlands Cancer Institute who received or were scheduled to receive high-dose chemotherapy with autotransplantation in the adjuvant
setting for breast cancer before 1 May 1994 are described in this report. Twenty-five
patients had been randomised to the high-dose treatment arm of a single-institution
trial for patients with apical axillary -lymph node metastases (study A, see Figure 1
for the study design) and 6 patients had been randomised to the high-dose regimen of
a Dutch national trial of high-dose chemotherapy for breast cancer patients with four
or more axillary lymph nodes (study B, see Figure 1 for the study design).
The clinical studies were approved by the Institutional Committee with peerreviewed treatment protocols. Written informed consent was obtained from all
patients according to institutional guidelines.
APEX NODE POSITIVE

A:

B:

>3 AXILLARY LYMPH'NODES

FEC x 3

Surgery

1
Surgery

FEC x 2

FEC x 5

l
FEC4+G-CSF

FEC4

1

FEC3 + G-CSF
1

stem cell harvest

stem cell harvest
FEC4

,,

1

CTC + PSCT

L

RADIOTHERAPY

CTC + PSCT

J

L

TAMOXIFEN

RADIOTHERAPY

TAMOXIFEN

Figure 1. Study design of the two treatment regimens.
CTC- carboplatin 1600 mg/m2, thiotepa 480 mg/m2, cyclophosphamide 6000 mg/m2; FEC- 5fluorouracil 500 mg/m2, epidoxorubicin 90 mg/m2(Study B)-120 mg/m2 (Study A), cyclophosphamide

500 mg/m2; G-CSF- granulocyte colony stimulating factor; PSCT- peripheral stem cell transplantation; R- randomization
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Patients
All patients had histologically confirmed stage II-IIIB adenocarcinoma of the
breast with ? 4 involved axillary lymph nodes, but no distant metastases. Their age
was under 60 years, and their WHO performance status was 0 or 1. Staging procedures include radiography of the chest, an ultrasound examination of the liver, a bone
scan and full examination of haematological and biochemistry values. Renal and
hepatic functions had to be adequate with a creatinine clearance of z 60 ml/min and
a serum bilirubin of <_ 25 µmol/1. A white blood cell (WBC) count of >_ 4.0x109/1
and a platelet count of z 100x109/1 were required. Patients were ineligible if they
had a history of prior or concomitant cancer or any disorder that might interfere with
adherence to the intensive regimen (e.g. cardiac or pulmonary malfunctioning). No
prior chemotherapy or radiotherapy was allowed.

Treatment regimen
The treatment regimen included the administration of four cycles of FECchemotherapy, followed by high-dose chemotherapy with carboplatin, thiotepa and
cyclophosphamide (CTC) supported by autologous peripheral stem cell transplantation
(PBSC-T), followed by radiation therapy and hormonal treatment (Figure 1).
- FEC-chemotherapy All patients were treated with four 21-day outpatient cycles of FEC-chemotherapy, each cycle consisting of an escalated dose of epidoxorubicin, i.e. 90 mg/m2
(Figure 1, study B) or 120 mg/m2 (Figure 1, study A), and standard. doses of
5-fluorouracil and cyclophosphamide, i.e. 500 mg/m2 each, all administered by i.v.
push [16].
- Central venous access -

Prior to the peripheral stem cell mobilisation procedure, a silicone Hickman
double lumen catheter (13.5 French) was inserted percutaneously in the subclavian
vein under fluoroscopic control and tunneled subcutaneously. This procedure was
performed in the operation theatre under strict aseptic conditions. Antibiotic prophylactic treatment consisted of flucloxacillin 4x500 mg, starting just after the insertion
of the catheter. If infection or thrombotic complications required the untimely
removal of the Hickman catheter, leukocytopheresis was performed using a similar
catheter temporarily inserted in the femoral vein. High-dose chemotherapy was then
administered through a smaller sized, untunneled catheter in the contralateral
subclavian vein.
i

ii
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- Stem cell mobilisation and harvest -

The methods used for the mobilisation and the harvest of haemopoietic
progenitor cells have been described in detail elsewhere [17]. Briefly, mobilisation of
peripheral stem cells was induced by priming with one course of FEC-chemotherapy
on day 0, followed by the subcutaneous administration of 300 µg G-CSF (Filgrastim;
NeupogenR, Amgen, Thousand Oaks, CA, USA) for a period of 10 days starting on

day 1. From the seventh day of G.-CSF administration, the WBC count and the
percentage of CD34` mononuclear cells in the peripheral blood were determined
daily. As soon as the WBC count exceeded 3.0x109/1 and an unequivocal rise in
CD34+ cell percentage was observed, out-patient leucocytophereses procedures were
started. The leucocytophereses were performed using a continuous flow blood cell
separator (Fenwal CS 3000, Baxter Deutschland, Germany). Of the stem cell harvest,
the number of CD34+ cells was determined and, in case an unexpected delay in bone

marrow recovery following PBSC-T was observed, the number of granulocytemacrophage colony-forming units (GM-CFU) was determined as well [17].
A number of >_ 3.0x106/kg CD34+ cells was considered sufficient for transplantation
[17].

- High-dose CTC-chemotherapy The high-dose chemotherapy regimen was divided over 4 consecutive days (day
-6 through day -2) and included cyclophosphamide 1500 mg/m2/d administered as a 1

h intravenous infusion together with a continuous infusion of 3 gram of mesna per
day, thiotepa 120 mg/m2/d divided over two doses, each as a 1 h intravenous
infusion, and carboplatin 400 mg/m2/d given as a 2 h infusion [14].
Reinfusion of autologous peripheral blood stem cells took place on day 0. In 18
of 28 patients, 300 µg G-CSF (NeupogenR, received as a gift from Amgen-Roche,
Breda, The Netherlands) was administered from the day of reinfusion until the WBC
count in the peripheral blood exceeded 5.0x109/1. Ten consecutive patients did not
receive a haemopoietic growth factor after stem cell reinfusion.
- Supportive care During high-dose chemotherapy, patients were nursed in private rooms without
other isolation measures. Prophylactic antibiotic therapy (selective bowel decontamination) consisted of oral ciprofloxacin (500 mg b.i.d) and amphotericin B (500 mg
q.i.d) starting four days before the start of the CTC-regimen. This was supplemented

with intravenous penicillin (1x106 IU q.i.d.) from day -2 on and a 6h intravenous
administration of amphotericin B (0.25 mg/kg), from day 0 on. The amphotericin B
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was routinely administered during the night, and served as a prophylaxis for fungal
infections, including aspergillosis. Patients who tested positive for anti-Herpes
simplex antibodies received acyclovir prophylactically in a dose of 400 mg b.i.d.
orally or 750 mg daily divided over three infusions.
Three times weekly, cultures of blood, throat, urine and faeces were taken. In case of
a rise in temperature above 38°C, neutropenic patients were empirically treated with
vancomycin and ceftazidime until culture results were obtained.
Transfusions of irradiated leucocyte-free red blood cells were given when the
haemoglobin level fell below 5.5 mmol/1. In case a low platelet number induced
haemorrhagic diathesis or when platelets were <_ 10x104/1, transfusions of 5-6 donor
units of irradiated platelets were administered.
Statistics
-Differences in haemopoietic recovery were calculated using the log-rank test.
P-values below 0.05 were considered significant.
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RESULTS

From November 1991 until December 1993, thirty-one patients were.. randomised to receive high-dose CTC chemotherapy with. PBSC-T. After randomisation, 2
patients refused autotransplantation.. A third patient was taken off protocol because of
an insufficient rise of CD34± cells after FEC-mobilization chemotherapy and G-CSF
(see below). The remaining 28 patients underwent high-dose CTC chemotherapy and
autotransplantation. The patient characteristics of these patients are shown in ,Table I.

Table I. Pretreatment characteristics (n=31).
Characteristics

No. of patients

Median age (range)

44 (25-57)

WHO-performance status
0

25

1

3

Study protocol (Fig.1)

A

22

B

6

Not transplanted

3

refusal

2

PBSC-harvest failure

1

Transplanted

28

Bone marrow support
PBSC-T

24

PBSC-T + ABMT

4

PBSC- peripheral blood stem cell; PBSC-T- PBSC-transplantation; ABMT- autologous bone marrow
transplantation

PBSC-mobilization

A median number of 10.2x106/kg CD34+ cells (range 0.7-25.1) (Fig. 2),
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110x104/kg GM-CFUs (range 9-419) and 3.5x108/kg mononuclear cells (MNCs)
(range 2.1-12,6) were harvested (Table II), requiring 2 (median, range 1-4) haemapheresis sessions. In all patients except one, adequate numbers of CD34+ cells, defined
as >_ 3.0x106/kg in case of PBSC-T without autologous bone marrow transplantation
(ABMT), could be harvested. In the patient in whom mobilisation was unsuccessful,
repeated leucocytopheresis procedures failed to harvest haemopoietic progenitor cells.
Microscopic examination of a bone marrow specimen showed hypocellularity in the
absence of myelodysplastic features. Cytogenetic analysis was unremarkable. The first
4 patients underwent PBSC-T combined with autologous bone marrow reinfusion,
while the other 24 patients received PBSC-T alone.

no.of patients
8

7-

6-i
5-

4-

median: 10 (0.7 - 25)

3-

2-

1-I
0-`_
<1

1-3

3-5

5-7

7-9

9-11

11-13

13-15

>15

CD34' cells x 1 0°/kg

Figure 2. Size of stem cell harvest (n=29).

Bone marrow recovery
The main toxicity of high-dose CTC-chemotherapy consisted of bone marrow
suppression (Table II). All patients had periods of absolute neutropenia and required
platelet and red blood cell transfusions. In the 18 patients who received G-CSF after
PBSC-T, the granulocyte counts had recovered to at least 500x106/L within a median
of 9 days (range 8-10) versus a median of 16 days (range 11-28) in the 10 patients
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who did not receive G-CSF following reinfusion (p = <0.001) (Table II, Fig. 3).
The number, median and range of progenitor cells reinfused, as reflected in the
number of CD34+ cells, CFU-GMs and MNCs, was nearly identical in patients who
did or did not receive G-CSF after PBSC-T (data not shown). The delayed granulocyte recovery observed in patients without G-CSF post transplant confirms recently
published data [18].
fraction of patients (> 500x1 00/1 granulocytes)

0.8i

0.6-1

0.4 -J
0.001
P=0.001

0.2--

T
5

Fi

I

I

10

15

20

25

30

days after reinfusion (+ /- G-CSF)

Figure 3. Time to granulocyte recovery (500x106/L) with (solid line) or without (dotted line)
the use of G-CSF after PBSC-T.

Platelet transfusion independence was achieved within a median of 10 days
(range 7-16) in the patients who received G-CSF after PBSC-T. Platelet recovery did
not significantly differ between patients who received or did not receive G-CSF: in
the latter group a median of 12 days (range 7-28) was required (Table II).
Infectious complications
During the neutropenic phase following autotransplantation, 27 patients (96 %)
developed fever > 38°C, and in 14 of these the origin of the fever could be identified. In 4 patients, the fever was accompanied by positive blood cultures for Staphylococcus epidennidis; in 2 patients blood cultures revealed S.aureus, and in another one
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a Bacillus species was cultured from the blood (see below). In one patient, an
adenovirus was cultured from a bronchial washing. In 4 patients, chest radiographs
suggested pulmonary infiltration; in only 1 of these was a positive culture obtained
patient, fever was
from the sputum. Herpes zoster was encountered once. In
thought to originate from multiple pulmonary emboli which occurred in the absence
of apparent thrombosis or cardiac valve abnormalities. Positive blood cultures of
"1

Gram-negative or fungal organisms were not observed.
Thirteen patients (46 %) developed fever without an indication of an infectious

origin. They were empirically treated with vancomycin, 500 mg q.i.d and ceftazidime, 2 g three times daily until granulocyte recovery (>_ 500x106/1).
Table II. Haematopoietic recovery and reinfusion data.
Parameters

Median

Range

----------------------------------------------------------------------------------------------Day gran. 2 500x106/L
no G-CSF after PBSC-T (n= 10)
G-CSF after PBSC-T (n= 18)

16
9

11-28
8-10*

Day plat. Z 20x109/L

12

7-28

No. of RBC units transfused

4

2-8

No. of plat. transfusions

3.5

2-8

CD34+ cells (x 106/kg)

10.2

0.7-25.1

CFU-GM (x 106 /kg)

109

9-419

MNC (x108/kg)

3.55

2.1-12.6

gran.-granulocytes; plat.-platelets; RBC-red blood cell; CFU-GM-colony forming units of granulocytes and
macrophages; MNC-mononuclear cell; G-CSF-granulocyte colony-stimulating factor; 1'BSC-T-peripheral blood
stem cell transplantation; * p= < 0.001

Despite the significantly faster granulocyte recovery in patients who received
G-CSF after PBSC-T, the percentage of patients developing temperature > 38°C and
83

Adjuvant CTC-chemotherapy in breast cancer

the duration of fever did not differ when compared with patients who did not receive
G-CSF after reinfusion. However, the duration of hospitalisation was significantly

shortened by the use of G-CSF post transplant: 14 days (median; range 10-20) in
patients who received G-CSF compared with 17 days (median; range 13-26) in those
who did not (p= <0.001) (data not shown).

Organ toxicity
During CTC chemotherapy, all patients experienced nausea and vomiting for a
median period of 11 days (range 5-28) (Table 111), resulting in a median weight loss

of 3 kg (range +2.5 to -9 kg). Three patients received total parenteral nutrition,
starting after PBSC-T, because of a >5% loss of pretransplant weight.

Mucositis was usually mild; WHO grade 3 was observed in only 21 % of
patients. Twenty patients (71 %) developed a skin rash which generally coincided with
the (empiric) administration of broad-spectrum antibiotics and which resolved with
their discontinuation (Table III).

Cardiac failure associated with the administration of high-dose cyclophosphamide was not observed. One patient developed multiple pulmonary emboli for
which she received conventional treatment with heparin and coumarin derivatives.
None of the patients complained of tinnitus or hearing loss, but audiograms were not
routinely obtained. Peripheral neuropathy was not encountered.
Table 111. Non-haematological toxicity (n =28).
Toxicity

No. of
patients

WHO-grade

Duration (days)

median (range)

median (range)

Start (day*)
median (range)

------------------------------------------------------------------------------------------

0

Nausealvomiting

28

3 (2-4)

11 (5-28)

-4(-6--2)

Diarrhoea

26

3 (2-3)

8 (3-19)

2 (-5-10)

Mucositis

28

2 (1-3)

5 (3-13)

3 (1-10)

Rash

20

2 (1-2)

7 (1-11)

8 (0-11)

peripheral blood stem cell transplantation (PBSC-T) on day .0
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Biochemical- analysis showed brief and reversible elevations of liver function
tests, mainly transaminases and gamma-glutamyltransferase -(y-GT), with maximum

values of two times the upper limit of normal, usually peaking on day 0 (transaminases) and day 9 (y-GT). Renal function was undisturbed.

Catheter-related complications
In 18 patients (64%), Hickman-catheter related complications were observed
(Table IV). In 13 patients (46%), cultures of blood drawn from the catheter yielded
Gram-positive organisms, occurring in five patients within 48 h of catheter implantation. Infection at the entry site or along the subcutaneous tunnel of the catheter was
not observed. No catheter had to be removed because of infection.
Catheter-induced major vein thrombosis, requiring removal of the Hickman,
occurred in 5 patients (18 %) -(Table IV). In two patients, thrombosis developed 24 It
and 1 week after implantation of the Hickman catheter. In these patients, peripheral
stem cells were successfully harvested using a similar catheter inserted in the femoral
vein; high-dose chemotherapy was later administered through a small double-lumen
catheter, not subcutaneously tunnelled, using the unaffected contralateral subclavian
vein. In one of these patients, a recurrent thrombotic complication required removal
of the second catheter as well, and a third catheter was inserted in the femoral vein.
In the other three patients, thrombosis required removal of the catheter two and three
weeks before and on day 15 after PBSC-T.
Table IV. Catheter-related complications (n=28).
Complications

No. of patients

No. of events

---------------------------------------------------------------------------------------------Infection*

13

Major vein thrombosis

5

6

Flow obstruction requiring
streptokinase (see text)

10

10

Untimely removal

5

6

17

Defined as positive culture of blood withdrawn from the catheter
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In ten patients (36 %), backflow obstruction of the catheter occurred, leading to
the inability to withdraw blood from at least one of the catheter lumina. Patency could
be regained in all cases by a 12-24 h infusion of streptokinase, in a dose of 1000 U
per lumen per hour (Table IV). This low-dose fibrinolytic therapy was effective and
uncomplicated despite platelet transfusion dependence in one of these patients.
The only reason to remove Hickman catheters before the end of treatment was
symtomatic major vein thrombosis (five cases) (Table IV). Fracture of the Hickman
catheter or spontaneous migration requiring removal did not occur.

DISCUSSION

In twenty-nine young and chemotherapy-naive patients with high-risk breast
cancer, peripheral blood progenitor cells were mobilised using G-CSF and moderate
doses of chemotherapy, and 28 of these subsequently underwent high-dose chemotherapy followed by peripheral stem cell tranplantation. Stem cell mobilization was
successful in all but one of the patients and typically required only two or three
leucocytopheresis sessions. The high-dose regimen was reasonably well tolerated, and
life-threatening toxicity did not occur. All transplantated patients had rapid engraftment with a median time to neutrophil recovery (neutrophils > 0.5 x 109/1) of 9 days
in patients who received G-CSF following reinfusion (Table II, Figure 3) and a
median time to platelet transfusion independence of 10 days. Despite the carboplatin
dose in this CTC regimen, which is twice as high as that employed in the STAMP V
regimen of the Boston group [15], no renal function impairment was observed and no

symptomatic hearing loss or neuropathy was reported by the patients. Hepatic
toxicity, which precluded further carboplatin dose escalation in the Boston phase I
study of CTCb [18], was limited to minor elevations of alanine (ALAT) and aspartate
aminotransferases (ASAT), which had usually resolved by the second day after stem
cell reinfusion. In addition, no congestive heart failure associated with high-dose
cyclophosphamide was observed in this patient group.
In our experience, CTC is a high-dose chemotherapy regimen with little or no

severe extramedullary toxicity. We have shown that the same regimen can be
administered twice in a tandem transplantation strategy for the salvage treatment of
germ cell cancer [20]. Even then, organ toxicity is relatively minor, although highfrequency hearing loss and increase in severity of pre-existent cisplatin neuropathy
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were common in these heavily pretreated patients. The conclusion that CTC is a safe
regimen for adjuvant chemotherapy studies in breast cancer appears to be justified.
Although life-threatening toxicity of CTC was absent and the time to haemopoietic reconstitution was brief (particularly when G-CSF was employed after stem
cell reinfusion), the reversible non-life threatening toxicity was considerable. Nausea,
vomiting and diarrhoea were substantial and occurred in almost all patients despite
high doses of antiemetics and antidiarrhoeal agents (Table III). Neutropenic fevers
were common, occurring in all but one patients. Skin rashes of uncertain origin were
observed in 71 % of the patients, some of which may have resulted from allergies for
antimicrobial agents and some of which may have represented skin-toxicity of thiotepa
[21]. Recent reports in the news media, suggesting that high-dose chemotherapy for
breast cancer could be administered in an out-patient setting with patients reporting

daily to the transplantation clinic, clearly apply to either less toxic chemotherapy
regimens or to a small subset of patients. Most of our patients required hospitalisation

from the start of chemotherapy until approximately two weeks after the stem cell
reinfusion.

The stem cell mobilisation strategy employed was convenient and efficient. The
standard chemotherapy designed for efficacy in breast cancer could very well serve as
a mobilising regimen and the low dose of G-CSF (300 ug total dose irrespective of
body weight, as opposed to 10 µg/kg as recommended by most authors) led to high
peripheral CD34+ cell counts that allowed the harvest of sufficient numbers of stem
cells in three or fewer leucocytopheresis sessions in 26 of 29 patients (Figure 2). In
only one patient no mobilisation at all was observed. No cause of this failure could be
identified: the bone marrow was hypocellular but showed normal morphology, and
cytogenetic abnormalities were absent, arguing against the possibility of a myelodys-

plastic syndrome. The patient was taken off study and an autologous bone marrow
transplantation was not attempted.

The clinically most important problem of the peripheral stem cell harvests
consisted of complications related to the indwelling intravenous catheter. Sixty-four
percent of all patients presented with catheter problems on one or more occasions
during the course of their adjuvant treatment. The most serious problem was major
vein thrombosis, which almost invariably appeared to originate from the subclavian
vein, into which the large-bore silicone Hickman catheter had been inserted. We have
previously reported significant haemorrhagic complications when attempting to
dissolve the thrombosis employing systemic low-dose fibrinolysis with recombinant
87
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tissue plasminigen activator while leaving central venous catheters in situ [22]. As a
result, it was our policy to promptly remove the catheter and to start the patients on
intravenous heparin.
The relatively high frequency of catheter-associated venous thrombosis may be
the result of the large-bore catheters that are being used to facilitate the high blood
flow required for efficient leucocytopheresis sessions [23]. Since the large majority of

the patients required only 2-3 days of - aphereses and 4 of 5 thrombotic events
occurred one to several weeks after the insertion of the catheter, it may be prudent to

insert routinely the catheter immediately before the first stem cell harvest, and to
remove it immediately after completion of harvesting. A second but smaller and
possibly less thrombogenic central venous catheter could be inserted later, preferably
just before the start of high-dose chemotherapy.
High-dose chemotherapy with peripheral blood progenitor cell transplantation is

clearly developing into a practical and safe modality in the adjuvant treatment of
breast cancer. It continues, however, to be associated with substantial reversible
toxicity, requiring prolonged hospitalisation and intensive supportive care. It can only
be employed at considerable costs, in terms of both loss of well-being of the patient
and her family and in terms of cost to society. Whether or not these costs are justified

depends on the presence of a survival benefit which can only be studied through
prospective randomised trials, some of which are now in progress in Europe and in
the USA.
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Salvage treatment in germ cell cancer

ABSTRACT

Eleven patients with germ cell cancer relapsing from a complete remission and
7 patients with refractory germ cell cancer and/or an unresectable partial remission
received salvage chemotherapy with one to two courses of carboplatin (800 mg/m2)
and etoposide (500 mg/m2 on days 1, 3 and 5), followed by either one or two courses
of carboplatin (1600 mg/m2), cyclophosphamide (6 g/m2) and thiotepa (480 mg/m2)
divided over four days with autologous bone marrow transplantation and/or peripheral
stem cell support. Eight of eleven relapsing patients (73 %) were salvaged (with a

follow-up of 21+ - 56+ months), but only one of the seven refractory patients
survived (34+ months). The high-dose carboplatin-based salvage regimen is feasible
and deserves further evaluation in patients relapsing from a complete remission. Even

more intensive treatment strategies may be required to salvage patients who are
refractory to standard doses of platinating agents.

INTRODUCTION

Patients with germ cell cancer who fail to achieve a complete remission with
standard cisplatin- or carboplatin-based chemotherapy or who relapse from a
chemotherapy-induced first remission face a poor prognosis, with a long-term disease-

free survival rate of only 25% [1,2]. Second-line combination chemotherapy with
cisplatin, ifosfamide and vinblastine after first-line therapy with cisplatin, etoposide
and bleomycin has been shown to achieve cure in only 23 % of patients [3].

After early disappointing experiences with high-dose chemotherapy in germ
cell cancer [4], this treatment modality has regained interest after it was shown that
it

can produce long-term remissions in about 15% of patients thought to be

'incurable' with conventional approaches [5]. 'Incurable' patients include those who
have 'refractory' disease (defined as patients with progression or an unequivocal rise

of serum-# human chorion gonadotrophin (#HCG) and/or alfa-fetoprotein (aFP)
within 4 weeks of the last cisplatin or carboplatin dose) and patients who relapse after

or do not respond to second-line chemotherapy. This finding has led to studies in
which intensive chemotherapy with bone marrow support has been administered in an
earlier stage of the disease [6]. One randomized study has failed to show benefit for
consolidation treatment in first line, but several small non-randomized studies in
92

Chapter IV

second- and third-line situations have yielded encouraging results [see for review
reference 7].
Since it is difficult to define a category of patients with a very high risk of not
being cured by first-line therapy in germ cell cancer, the earliest and potentially most
favorable time for high-dose chemotherapy may be relapse after first-line

chemotherapy or immediately after the first proof of refractory disease has been
obtained. It is also reasonable to assume that phenomena such as recruitment of
quiescent cells and kinetic drug resistance could occur after chemotherapy in germ
cell cancer, as in other tumors, and that repeated therapy courses could thus be
superior to a single one. We have previously found that a salvage regimen with a
double-standard carboplatin dose and a substantially increased etoposide dose could
induce remissions in the large majority of patients in second line [8], but that these
remissions were not durable and thus required some type of consolidation. We now
report the results of a feasibility study, in which treatment with high-dose

carboplatin/etoposide was followed by one or two courses of very-high dose
chemotherapy

with

carboplatin,

cyclophosphamide

and

thiotepa

(CTC)

with

autologous bone marrow or stem cell support. The high-dose regimen was selected
because of the theoretical attractiveness of a triple-alkylator combination in potentially
etoposide-resistant disease [9]. Although the efficacy of standard-dose thiotepa in
germ cell cancer has not been studied, it appears reasonable to assume that is has
some activity, since it is a classical alkylator. In addition, thiotepa virtually lacks
extramedullary toxicity up to a dose of 20 x standard, allowing substantial dose
escalations in the autologous transplantation setting [10], and it readily crosses the
blood-brain barrier. The latter property is obviously highly desirable in a disease that
frequently spreads to the central nervous system at relapse.

PATIENTS AND METHODS

Patients
All patients had biopsy-proven germ cell cancer and had either relapsed after

adequate first-line treatment or had failed to achieve a complete remission or
resectable partial remission. Adequate first-line treatment was defined as 4-6 courses

of cisplatin- or carboplatin-based chemotherapy, followed by surgery in case of
residual disease with normal tumor markers. Proof of progression was obtained by
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rising tumor markers (aFP or l HCG), or by documentation of new or growing
lesions, when clinically indicated followed by biopsy to exclude mature teratoma.
Patients who had failed more than one prior regimen were also eligible. Adequate
bone marrow function (WBC > 3.5x109 and platelets > 100x109) and renal function
(creatinine clearance > 50 ml/min) were required. No patient was excluded on the
basis of age or performance status. Pre-existing cisplatin-associated neuropathy or
hearing loss was accepted.
Base-line investigations included physical examination, complete blood count
with differential,

serum

chemistries,

chest roentgenograms and computerized

tomography (CT-scan) of the chest and of the abdomen. Beta-subunit chorionic
gonadotrophin (BHCG) and alpha-fetoprotein (aFP) were also determined. Additional
investigations, such as a CT-scan of the brain were done as indicated by history or
clinical findings.
All patients were fully informed of the investigational nature of the treatment
and informed consent was obtained according to institutional guidelines. The study
was approved by the institutional ethical committee.

Treatment regimen
- Bone marrow and stem cell harvests Bone marrow was harvested by multiple aspirations from the iliac crest under
general anesthesia. A total of at least 2x108 nucleated cells per kg body weight had to
be obtained. The theoretical number of granulocyte-macrophage colony forming units

(GM-CFU) available for reinfusion (as indicated by colony forming assays after
freezing and thawing of aliquots) had to exceed 2x10° per kg body weight.
Autologous peripheral stem cells were mobilized by administering

chemotherapy followed by daily s.c. administration of 300 Pg granulocyte-colony
stimulating factor, G-CSF (Neupogen R, received as a gift from Amgen, Breda, The
Netherlands). The mobilizing chemotherapy regimen consisted of ifosfamide (4 g/m2)
and mesna (3200 mg/m2), both on day 1, and etoposide (100 mg/m2) on days 1, 2 and
3. G-CSF was started on day 4.

From day 11 on, daily blood counts and estimates of the CD34-positive
nucleated cell fractions in the peripheral blood were performed by fluorescence
activated cell sorting employing an anti-CD34 antibody fill (HPCA-2 FITC,
Becton Dickinson, Mountain View, CA). Daily hemapheresis sessions began as soon
as an unequivocal rise in CD34-positive cell percentage was observed. A total yield of
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10x106 CD34-positive cells per kg body weight was aimed for to performe a double

transplantation procedure [12], but a lower number was also accepted when 2
separate mobilization procedures led to a smaller harvest. High-dose chemotherapy

was begun immediately upon bone marrow recovery. following the stem cell
mobilization procedure.
- Chemotherapy The salvage strategy consisted of the subsequent administration of three courses

of high-dose carboplatin-based chemotherapy, complemented by surgery in case of
resectable disease. Two different high-dose carboplatin-based regimens were
employed:
HD-CE [8] consisted of carboplatin (800 mg/m2) on day 1 and etoposide (1500
mg/m2) divided over days 1, 3 and 5. From the time at which it became commercially

available, G-CSF was administered s.c. from day 6 onwards in a dose of 300 µg s.c.
(regardless of body weight) and was continued until the WBC count exceeded 5.0 x
109/L.

CTC [13] incorporated carboplatin (1600 mg/m2), thiotepa (480 mg/m2) and
cyclophosphamide (6000 mg/m2), divided over four days. In patients with impaired
renal function (defined as a creatinine clearance below 110 ml.min-'.1.73m-2), the
carboplatin dose was adjusted according to a modified 'Calvert formula' [14]:
total dose of carboplatin {mgs} = 20 x (creatinine clearance {ml/min} + 25)
This formula leads to an area under the curve' of carboplatin that is roughly four
times that used in standard-dose carboplatin combinations. Mesna was given 6 times
daily in a dose of 500 mg for a total of 24 doses, beginning one hour before the first
cyclophosphamide infusion. From patient 12 on, mesna was continued for another 2
full days (after severe hemorrhagic cystitis had been observed in the second course of
patient 11, see below). Bone marrow and/or peripheral stem cells were reinfused 4872 hours after the discontinuation of chemotherapy.
The first 10 patients ('part A' of the study) received two courses of HD-CE

(the second starting on day 28 of the first), followed by a single course of CTC
(beginning on day 28 of the second HD-CE course) with autologous bone marrow
support (Figure 1). After the advent of peripheral stem cell support allowed double
transplantations, the following 8 patients ('part B' of the study) received a single
course of HD-CE followed by two courses of CTC, the first of which was begun on
day 28 of the HD-CE course, and the second on day 35 of the first CTC course (day
28 after the first stem cell reinfusion) (Figure 1). Before the second course of CTC
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was started, the patients were required to have had adequate granulocyte counts ( >
2.0x106/1) for at least one week, and any infections or non-hematologic toxicities had

to be resolved. Platelet transfusion independence was not required. All patients
undergoing a double transplantation procedure received autologous peripheral stem
cell support without additional bone marrow transplantations. One half of the

harvested material was reinfused after each course of CTC.
Part A (n= 10)

HD-CE 0 HD-CE
day 0

day 28

CTC + ABMT
day 56

Part B (n=8)
HD-CE
day 0

CTC + PSCT ---0 CTC + PSCT
day 28

day 63

Figure 1. Study design of the 2 treatment regimens.
HD-CE- high-dose carboplatin (800 mg/m2) and etoposide (1500 mg/m2); CTC- carboplatin (1600
mg/m2), thiotepa (480 mg/m2) and cyclophosphamide (6000 mg/m2); ABMT- autologous bone
marrow support; PSCT- peripheral stem cell transplantation

- Supportive care -

The supportive care during and after HD-CE courses has been reported
previously [8]. Antibiotic prophylaxis was employed with ciprofloxacin 1000 mg
(divided over 2 daily oral gifts) and amphotericin suspension 2000 mg (divided over 4

daily oral gifts). Cultures of throat, stool and both Hickman catheter lumens were
performed each week to check for growth of microorganisms resistant to these
antibiotics. Antibiotic prophylaxis after CTC-chemotherapy and bone marrow or stem
cell transplantation consisted of ciprofloxacin and amphotericin suspension as after

HD-CE, but also incorporated i.v. infusion of 1x106 units penicillin daily x 4 and

0.25 mg/kg amphotericin B daily, from the day of bone marrow or stem cell
reinfusion until the granulocyte count exceeded 0.5x109/L. From the time it became
commercially available, G-CSF was administered s.c. from the day of bone marrow
reinfusion in a dose of 300 ug s.c. (regardless of body weight) and was continued
until the WBC count exceeded 5.0x109/L. All patients who underwent peripheral stem
cell transplants received G-CSF post transplant. Platelet transfusions were given as
required to maintain platelet counts above 10x109/L.
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RESULTS

Between August 1989 and September 1992, all 18 patients who presented at the

Netherlands Cancer Institute with relapsing or refractory non-seminoma germ cell
tumor were entered on the trial. Pertinent patient characteristics are given in table 1.

Table 1. Pretreatment patient characteristics (n =18).
Characteristics

No. of patients

----------------------------------------------------------------------------------------------Sex
Male
Female

0

Median age (years, range)

31 (19-53)

WHO-performance status (median, range)

1 (0-2)

18

Tumor type
Teratoma
Choriocarcinoma
Seminoma + other components
Mixed tumors without seminoma
Pure embryonal
Uncertain*

6
2

6
2
1
1

Elevated tumor markers
LDH
6HCG

5

aeFP

8

8

Site of residual disease
Retroperitoneal nodes
Lung
Mediastinum
Brain
Bone
Liver
Cervical nodes
Adrenal gland
Tumor markers only

9
8
7
2
2
1
1
1

2

Patient with large mediastinal tumor. In bronchial biopsy, large-cell undifferentiated carcinoma.
6HCG > 100,000 U/ml.
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In the first part of the study ('part A'), ten patients were scheduled to receive
two courses of HD-CE followed by a single CTC course. The second part ('part B')
could be initiated when the technology of autologous peripheral stem cell
transplantation became available, and eight patient were to receive a single HD-CE
course, followed by two courses of CTC (Figure 1).

Feasibility of the planned treatment
Four of the 18 patients (all from the 'poor risk group', see below) were not
able to undergo a CTC course with the associated autotransplantation procedure. The
reasons for this were as follows: Patient 3 died of a systemic Aspergillus infection in
the neutropenic period following his first HD-CE course. Patient 7 developed
neutropenic fevers and unexplained infiltrates on his chest roentgenogram in both
neutropenic periods of the two HD-CE courses. G-CSF and peripheral stem cell
technology were not yet available at that time and the patient was not considered fit
for transplantation. Two patients (numbers 6 and 18) did not respond to the HD-CE
courses and were taken off study. One of these also had poor platelet recovery after
transfusion, as a result of HLA-sensibilization, precluding exposure to the prolonged
platelet transfusion dependence associated with transplantation procedures.

Thus, 14 of 18 patients went on to transplantation and received a total of 19
CTC courses. Two patients, both scheduled to receive a second transplant, went off
study because of an unfavorable response to the first CTC course. Patient 13 had
progression of a previously responsive CNS localization, and patient 17 failed to
achieve normalization of his (HCG (which was considered to predict incurability even

with a second CTC course). There were no toxic deaths as a result of the 19
transplantation procedures and all patients in part B of the study who had received the

first transplantation procedure were considered to be physically able to tolerate a
second one at the planned time. The second CTC courses were actually started on
days 28, 28, 28, 29 and 32 after the previous stem cell reinfusion.
Toxicity
The toxicities of the two chemotherapy regimens have been described in detail
previously [8,13). These reports included some toxicity data and some preliminary

survival data of 9 patients described in this study. (Toxicity data of the HD-CE
regimen in patients 1 through 6 were published in Ref. 8 and the toxicity of the CTC
regimen in patients 1, 2, 4, 5, 8, 9 and 10 was described in Ref. 13).
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Briefly, the main toxicity of the HD-CE regimen consisted of profound bone
marrow suppression with platelet transfusion dependence in all courses and absolute
neutropenia. Nausea and vomiting were mild with dexamethasone and ondansetron as
antiemetics. Grade I-III mucositis occurred in most patients. Bone marrow recovery
after the first HD-CE course was complete on day 28 in all patients and no dose
modifications or delays of the subsequent courses were required (part A of the study).
The main toxicities of the CTC regimen consisted of bone marrow suppression,
nausea and vomiting and slight elevation of liver enzymes in all patients. Minor to
moderate mucositis, varying degrees of diarrhea and skin rashes were observed in
most. Patient 9 experienced moderate to severe organ toxicity, including reversible
cyclophosphamide-associated pancarditis, renal toxicity (maximum serum creatinine

293 umol/L) and reversible hearing loss and tinnitus [13]. All signs of toxicity
including symptomatic ototoxicity abated in the weeks following transplantation.

Toxicity and engraftment in patients undergoing double transplantations
Five patients (numbers 11, 12, 14, 15 and 16) underwent two closely spaced
treatments with CTC followed by peripheral stem cell reinfusions. The second course
of CTC was well-tolerated in all patients, except in patient 11, who developed severe
hemorrhagic cystitis after the second course. The patient, who had a refractory
extragonadal teratoma (mediastinal and retroperitoneal), died 72 days after the second
transplantation of disease progression and a chronic myeloid leukemia-like
myeloproliferative syndrome. The hemorrhagic cystitis had not subsided at that time.
Increase in severity of a pre-existing cisplatin-associated neuropathy was possibly seen
in patient 11, but in none of the other 4 patients who received a second CTC course.

Reversible tinnitus occurred in all and (reversible) symptomatic hearing loss in 2
patients.
The median number of mononuclear cells reinfused in each procedure was 2.8

x108/kg (range: 2.4-5.6), the median number of CFU-GM was 85.5x104/kg (range
30-120.5) and the median number of CD34+ cells was 3.8x106/kg (range 2.7-8.2).
The engraftment parameters varied not significantly between the first and the second
course in individual patients. A granulocyte count of 0.5x109/L was reached on day
11 (range 10-12) after reinfusion in both courses. Platelet transfusion independence
(defined as a stable or increasing platelet count of at least 20x109/L not requiring
platelet transfusions) was achieved on day 18 (range 12-28) after reinfusion. The
platelet transfusion requirements after the second CTC second course (median number
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of transfusions: 8, range 5-19) was somewhat higher than after the first one (median
5, range 4-11). This was due in part to the occurrence. of hemorrhagic cystitis in 1
patient after the second CTC course.
Efficacy

Of the 18 patients entered in the study, 9 were in unmaintained complete
remission (CR) at the time of writing of .this report. 'The 8 evaluable patients who
were not cured by the salvage regimen, all progressed within 7 months of the start of
treatment. The median time to progression was 2.5 months. Of the 5 patients who
progressed after undergoing at least one transplantation procedure, all relapsed within
4 months of the (last) transplantation.
Retrospectively, the patients can be divided in two risk groups (Figure 2).
progression free survival

good risk (N = 1 1)

0.5 t
i

poor risk (N = 7)

0

12

24

36

48

60

months
Figure 2. Progression-free survival after the start of salvage treatment of all patients entered in the
study (including those who did not undergo autotransplantation). Good-risk patients were those who
had relapsed from a first or second complete remission, irrespective of the number of chemotherapy
regimens received. Poor-risk patients were those who had refractory disease, or who had progression
without ever having achieved a complete remission with standard-dosed chemotherapy.

Patients who relapse from a first or second complete remission can be
considered to have a 'good risk'. Patients who have either an unresectable partial
remission (UPR) after adequate first-line treatment, or who have tumors refractory to
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standard-dose chemotherapy may be considered to be 'poor risk' patients. Refractory
tumors are defined as tumors showing progression or rise in tumor markers within 4
weeks of the last administration of cisplatin or carboplatin.
The pre-treatment characteristics and outcomes for the good-risk patients are
shown in table 2. Eight of eleven patients (73 %) were effectively salvaged by the
high-dose carboplatin-based salvage protocol, 21 + - 56+ months after the start of
therapy. None of these patients underwent salvage surgery. This outcome appears to
be unrelated to the number of prior chemotherapy regimens (3 of 4 patients who had

received more than one regimen were salvaged) or the presence of extragonadal
teratoma (2 of 3 patients salvaged). Patient 4, who had a primary mediastinal mixed
seminoma and teratocarcinoma, received additional radiation therapy to the
mediastinum when in complete remission after the completion of the salvage regimen.
Patient 12, who had a marker relapse after 2 lines of chemotherapy and surgery for a

primary retroperitoneal choriocarcinoma, received no further treatment after the
discontinuation of chemotherapy. Of the 4 patients with the earliest relapses after
previous chemotherapy (2 or 3 months), two were not cured. Thus, a very short time
since the last chemotherapy may be an adverse prognostic factor, but the number of
patients is obviously too small to analyze this with any degree of confidence.
The pre-treatment characteristics and outcomes for the poor-risk patients are
shown in Table 3. Six of the 7 of these patients died, resulting in a salvage rate of
only 14%. The single long-term survivor is unusual in that he had only low-volume
retroperitoneal lymph node metastases and progressed during first-line chemotherapy
with carboplatin, etoposide and bleomycin. He subsequently received two courses of
HD-CE and responded with only a minor decrease of his tumor markers. A surgical
complete remission was obtained prior to autologous bone marrow transplantation. He
has been in unmaintained CR for 31 + months after the transplantation (34+ months
after the start of salvage treatment).
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Number
of
relapse

extragonadal
primary

Prior
chemotherapy

regimens

Number of

Months
since last
chemotherapy

Outcome

R.F.S.
(months)

CEB

BEP
4xVIP

BOP/VIP

no

retroperitoneal
no
no

no
no

lst

Ist

2nd

1st

2nd

1st

A

B

B

B

B

B

10

12

14

15

16

17

Abbrevations as in footnote to Table 3.

BOP/VIP
3xMICE

no

1st

A

9

EP

4xVIIP

BOP/VIP
2xVIP

BEPIEP

1

2

1

2

2

2

1

1

BOPIVIP

mediastinal

l st

A

5

1

BEP

mediastinal

1st

A

4

1

BEP

no

1st

A

2

1

BOP/VIP

1st

A

1

no

3

7

6

3

2

21 +
21 +

2

NED
DOD

21 +

NED
NED

25+

NED

30+

NED

4

4

7

DOD

6

DOD

42+

NED

14

3

46+

NED

4

56+

NED

4

-------------- ---------------------- - - -------- - -- ------------------------------------------------------------------------

Patient
number

Table 2. Pre-treatment characteristics of the good risk patients

yes
yes

yes
yes

yes

yes

UPR

refractory
relapse

UPR

PR

UPR

UPR

UPR

A

A

A

A

B

B

B

31

61

71

8

11

13

18,

Prior

BOPNIP
BEP
EP

mediastinal,
retroperitoneal
mediastinal,
retroperitoneal,
liver

2

2

1

BEP/EP

mediastinal,
retroperitoneal
-

1

2

2xMICE
3xBEP
3xCEB

2

1

Number
of
regimens

BEP
2xCE

BOPNIP

chemotherapy

no

no

no

no

Extragonadal
primary

2

1

2

1

1

1

1

Months
since last
chemotherapy

DOD

DOD

DOD

NED

DOD

DOD

TD

.

Outcome

2

3

4

34*

1

1

0

RFS*

BEP/EP- four courses of bleomycin, etoposide and cisplatin, followed by 2 courses of etoposide and cisplatin [15]; BEP- four courses of bleomycin,
etoposide and cisplatin [16]; BOP/VIP- three courses of bleomycin, vincristine and cisplatin, followed by 3 courses of etoposide, ifosfamide and cisplatin
[17]; CE- carboplatin and etoposide; CEB- carboplatin, etoposide and bleomycin [18]; DOD- dead of disease; EP- etoposide and cisplatin [15]; MICEmesna, ifosfamide, carboplatin and etoposide [19]; NED- no evidence of disease;PR- partial remission; RFS- relapse-free survival from the start of
salvage chemotherapy; TD- toxic death; UPR- unresectable partial remission; VIP- etoposide, ifosfamide and cisplatin [20]; - in months; t - not
transplanted.

no

disease

Refractory

State of

Part of

the study

Patient
number

Table 3. Pre-treatment characteristics of the poor risk patients
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DISCUSSION

The prognosis of germ cell cancer patients who are not cured by adequate firstline chemotherapy with or without surgery is poor. The subgroup of patients most
likely to be cured by second-line chemotherapy is that of patients relapsing from a
complete remission. In this situation, chemotherapy with a cisplatin/ifosfamide-based
regimen is considered standard by many clinicians. This approach leads to objective
responses in 20-40% of patients, while less than half of the complete responses are

durable [21]. A retrospective review from the Memorial Sloan Kettering Cancer
Center reported a 36% salvage rate in 42 patients relapsing from a complete response

[2]. Similar low cure rates have been reported by others [22,23]. An alternative
approach consists of high-dose chemotherapy with autologous bone marrow support
or with autologous peripheral stem cell reinfusion [see for recent reviews: Ref. 24

and 25]. Among the best results reported to date are those of Linkesch et al.
[26]. These investigators employed a high-dose regimen incorporating carboplatin,
cyclophosphamide and etoposide and obtained 6 CRs in 11 patients, 4 of which were
durable.

Of 11 patients relapsing from CR in our study, 10 achieved a complete
response, and 8 of these appear to be durable, lasting 18+ - 53+ months after
transplantation or 21 + - 56+ months after the start of salvage treatment (Table 2).
Although 3 of these 'durable' CRs are still less than 2 years in duration, we believe
that they are likely to represent long-term remissions. In our own experience, but as
well as in that of others [27], all relapses of germ cell cancers after transplantation
occur within 6-8 months of transplantation.

The results in the poor-prognosis group, however, were certainly not better
than those reported by others. Only about 15% of these patients may be salvaged with
high-dose regimens [24]. It was hoped that the B-part of the study, which
incorporated a second very-high-dose chemotherapy regimen with peripheral stem cell
transplantation only five weeks after the previous one, would prove to be particularly
effective. The 3 poor-prognosis patients who received this treatment, however, all had
cisplatin-refractory, primary extragonadal disease, which is thought to be incurable
with any approach. In addition, both patients with severe toxicity from HD-CE that
precluded intensive therapy with CTC and autotransplantation were also in this small
group. We believe that more experience with the regimen is required to determine
whether some of these patients may benefit from double transplantations.
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The high-dose regimen CTC employed in this study has the advantage of
causing little organ toxicity. This allows repeated administration with only brief
intervals between courses, which has become possible using peripheral stem cell
technology. Thus very high doses of alkylating agents can be delivered which,
extrapolating from laboratory data, may have the best prospect to eradicate resistent
residual tumor cells [28]. In addition, repeated high-dose chemotherapy may
overcome the problem of kinetic factors that lead to a significant increase in growth

fraction of the residual tumor stem cells after a single cycle of high-dose
chemotherapy [29,30].
Patients with unresectable partial remissions or with cisplatin-refractory disease
continue to face a very poor prognosis despite current high-dose therapy. Even further
dose escalation and/or the introduction of novel drugs may be required to improve the
results of salvage therapy for this patient group.

Note added: Patient number 9 relapsed 35 months after the start of salvage chemotherapy and
is currently (August, 1995) alive with disease.
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Bone marrow reconstitution

SUMMARY

Background

Peripheral stem cell transplantation is rapidly replacing autologous bone
marrow transplantation as hematological support after high-dose chemotherapy for
lymphoma or solid tumors. Controversy exists concerning the number of progenitor
cells required for rapid and sustained bone marrow recovery, and as to which of the
widely available methods to estimate this number should be employed.

Patients and methods
Forty consecutive patients with solid tumors or lymphomas received high-dose
chemotherapy followed by autologous peripheral stem cell reinfusion. All stem cell
harvests had been performed after mobilization with standard-dose chemotherapy
followed by 300 µg G-CSF daily. Hematopoietic reconstitution was studied in relation

to pertinent patient characteristics, to the size of the graft (in terms of the total
number of mononuclear cells (MNC), the number of granulocyte/macrophage colony
forming units (CFU-GM) and the number of CD34+ cells), and to the use of G-CSF
after stem cell reinfusion.
Results

Both the numbers CFU-GM and CD34+ cells reinfused, but not that of the
MNC, correlated with granulocyte and platelet recovery. Patients who received at
least 5x106 CD34+ cells/kg body weight achieved platelet transfusion independence on
day 12 after reinfusion (range: day 7-37), significantly earlier than patients who had

received less (p=0.001). 30 patients who received G-CSF (300 µg s.c. daily) after
reinfusion achieved granulocyte recovery (> 500 x 106/1) on day 9 (range: day 8-12),
while this took a median of 15 days (range: day 10-28) in 10 consecutive patients not

receiving G-CSF (p=0.0003). In one patient, who had received 1.4x106 CD34+
cells/kg, secondary bone marrow failure developed 3 months after transplantation.
Reinfusion of cryopreserved autologous bone marrow was followed by prompt
recovery.
Conclusion
Peripheral stem cells, mobilized by moderate dose-chemotherapy and G-CSF,
lead to rapid and durable engraftment after high-dose chemotherapy when at least 3-5
x106 CD34+ cells/kg are reinfused. Lower numbers may also be satisfactory, but are

associated with slower granulocyte- and platelet recoveries. A moderate dose of GCSF after reinfusion significantly hastens granulocyte recovery without interfering
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with platelet recovery.

INTRODUCTION

High-dose chemotherapy with autologous bone marrow support is increasingly
being accepted as a potentially curative treatment modality in the salvage treatment of

malignant lymphomas and germ cells tumors [1]. The introduction and wide
availability of hematopoietic growth factors has facilitated the development of
autologous peripheral stem cell transplantations and it is now clear that this technique
leads to clinically important enhancement of granulocyte and platelet recoveries [2],
with associated reduced morbidity and duration of hospital stay [3,4]. This has been

particularly important for the acceptance of dose-intensification strategies in the
adjuvant treatment setting of breast cancer, where the morbidity and mortality
associated with conventional bone marrow transplantations could be considered
excessive.
Because the experience with peripheral blood progenitor cell

(PBPC)

transplantation without simultaneous bone marrow transplantation has only recently
widened to a multitude of centers, a number of practical questions still need to be
settled. Controversy still exists regarding the optimal stem cell mobilization regimens

and the minimum size of the harvest that

is required

for rapid and durable

engraftment. It is also unclear what methods should be used routinely to determine
the number of hematopoietic progenitor cells available for reinfusion and whether or
not G-CSF or GM-CSF should be administered after reinfusion. It may well be that
the answers to these questions depend in part on the type of stem cell mobilizing
chemotherapy regimen and on the hematologic growth factor(s) used for that purpose
[5]
Here, we describe our experience with a practical approach, in which
peripheral stem cells were mobilized using standard-dosed chemotherapy (as

appropriate for the tumor type to be treated) and low dose G-CSF. The number of
progenitor cells available for reinfusion was determined using the three most widely
available methods: the mononuclear cell count (MNC), the number of granulocyte/macrophage colony forming units (CFU-GM) and the number of CD34+ cells.
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PATIENTS AND METHODS

Patients
At the start of the high-dose chemotherapy, all patients were in chemotherapy-

induced partial or complete remissions of either a malignant lymphoma (4 x
Hodgkin's diseases, 4 x Non-Hodgkin's Lymphoma) or a solid cancer type (18 x
breast cancer, 10 x germ cell cancer, '2 x, ovarian cancer, 1 x neuroblastoma, 1 x
medulloblastoma). Sixteen of the 18 breast cancer patients were undergoing intensive
adjuvant chemotherapy for high-risk N+M0 disease [6]. The other patients were in
second partial or complete remissions of advanced disease. The patients with germ
cell cancer underwent a tandem transplantation procedure with a 5-week interval, the
details of which have been described elsewhere [7]. For this report, only the data of
the first transplantation-procedure have been included.
All patients had ECOG/ZUBROD WHO performance status 0 or 1, adequate

renal and hepatic functions (creatinine clearance >_ 50 ml/min, bilirubin 5 25
µmol/L) and normal bone marrow functions (white blood cell count, WBC, >_ 3.5x 109/L, platelets >_ 100x109/L). All patients were treated in clinical studies approved
by the Institutional Ethical Committee with peer-reviewed treatment protocols.
Written informed consent was obtained from all patients according to institutional
guidelines.

Treatment regimen
- Mobilization procedure Autologous PBPCs were mobilized by administering chemotherapy, followed
by daily subcutaneous administration of 300 µg granulocyte colony stimulating factor,

G-CSF (Neupogen, Amgen Inc. Thousand Oaks, CA) until completion of the
leukocytaphereses. In the patients with breast cancer, the mobilizing regimen
of 5-fluorouracil (500 mg/m2), epidoxorubicin (120 mg/m2) and
cyclophosphamide (500 mg/m2) given on day 1 with G-CSF starting on day 2 [6]. In
the remaining patients, PBSC were mobilized using ifosfamide (4 g/m2) on day 1 and
consisted

etoposide (100 mg/m2) on days 1 through 3, followed by G-CSF from day 4 on.
- Peripheral stem cell harvest From the 7th day of G-CSF administration, the percentage of CD34+ cells in
the peripheral blood was determined daily. As soon as the WBC-count exceeded 3.0

x109/L and an unequivocal rise in CD34+ cell percentage was observed, leukocyt112
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apheresis procedures were started and were continued for 2 to 4 consecutive days,
depending on the number of CD34+ cells harvested, which was determined at the end
of each pheresis day. Based on the experience of others, we initially attempted to
harvest a minimum total number of CD34+ cells of 7.8x106/kg [8]. If necessary, a
second mobilization procedure was performed to fulfill this requirement.

Prior to the mobilization procedure, a Hickman double lumen catheter (13.5
French) was inserted in the subclavian vein. The leukocytaphereses were performed
using a continuous-flow, blood cell separator (Fenwal CS3000, Baxter Deutschland
GmbH, Germany). At the start of leukocytapheresis, the number of platelets had to be
>_ 50x109/L. The total blood volume processed in each session was between 7 and

10 L. This resulted in harvested cell suspensions of 200 ml per run. The cell yields
(routinely consisting of over 95% mononuclear cells) were counted, the numbers of
CD34+ cells were determined by flow cytometry and the number of CFU-GM was
measured. The cells were cryopreserved in physiological saline solution, enriched
with 0.1% glucose, 0.38% trisodium citrate, 10% human serum albumin and 10%
dimethylsulfoxide (DMSO) at a cell concentration of approximately 50x106 MNC/ml.
For cryopreservation, the cell suspensions were frozen at a controlled rate using a
KryolO (Cryotech, Schagen, The Netherlands). The frozen cells were stored in the
vapor phase of liquid nitrogen until reinfusion.
- Bone marrow harvest -

In the first 20 patients, bone marrow was harvested by multiple aspirations
from the iliac crests under general anesthesia. A minimum number of 2x108 nucleated
cells/kg body weight was required. Mononuclear cells were separated by
centrifugation over ficoll-hypaque, washed and cryopreserved. The bone marrow was
kept in storage in case the PBPC-transplantation alone did not lead to full
hematopoietic recovery.
- CD34+ cell counts -

Ten ml of EDTA blood was centrifuged to remove the platelet-rich plasma,
followed by lysis with 25 ml isotonic NH4C1 for 10 minutes at 0°C. For leukocytapheresis material, only 1-2 ml NH4C1 was added to a 300 µl leukocytapheresis cell
suspension containing about 4-8x106 cells. Phosphate buffered saline (PBS) containing

bovine serum albumin (BSA) 0.2% (w/v) was added to a final volume of 50 ml,
followed by centrifugation and resuspension of the pellet in PBS/BSA 0.2% to a cell
concentration of 20x106/ml. One half to 1.0x106 cells were incubated for 30 minutes
at 4°C with the fluorescein isothiocyanate (FITC) conjugated monoclonal antibody 8
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G 12 (CD 34, kindly donated by dr. P.M. Lansdorp, Terry Fox Laboratory,
Vancouver, Canada). When peripheral blood was analyzed, incubation with a
biotinylated CD66 antibody was performed as well to exclude CD66+-granulocytes,
thus enhancing the sensitivity of the assay. The cells were washed with PBS/BSA and
thereafter incubated with streptavidine-phycoerythrin (streptavidine-PE) for 20

minutes at 4°C. Flow cytometry was performed using a FACScan (Becton and
Dickinson, San Jose, CA). For the determination of the percentage of CD34+ cells in
the leukocyte fraction, at least 20.000 cells were acquired in list mode; in the
mononuclear cell fraction, the percentage CD34+ cells were determined setting a live

gate using single histogram on PE-negative cells and storing the data of at least
10.000 CD66- cells.
- CFU-GM assay The number of CFU-GM was measured in standard colony-assay systems using
human placental-conditioned medium as a source of growth factors [9]. One to 3x105

peripheral blood mononuclear cells were plated per 35 mm Petri dish in 1 ml of
culture medium consisting of Isocoves Modified Dulbecco's Medium supplemented
with 20% (v/v) fetal calf serum, 2 mercaptoethanol (0.1 Mm), penicillin (100 IU/ml),

streptomycin (100 µg/ml), bovine serum albumin 0.83% (w/v), transferrin (0.77
mg/ml), gluthation (0.08 mg/ml) and methylcellulose 0.9% (v/v). Human placental
conditioned medium, final concentration of 10% (v/v), was added as source of colony
stimulating factors. All cultures were plated in duplicate. After 12 days of culture at
37°C and 5% C02, colonies (>40 cells) were counted using an inverted microscope.
- Intensification regimen and PBSC-transplantation Patients with solid tumors (N=32) received a high-dose chemotherapy regimen
described previously [10], consisting of carboplatin 1600 mg/m2 i.v., thiotepa 480
mg/m2 i.v. and cyclophosphamide 6000 mg/m2 i.v., divided over four days ('CTC').
Forty-eight hours after the completion of chemotherapy, patients received autologous
peripheral blood progenitor cell transplantations.
Patients with Hodgkin's disease or Non-Hodgkin's lymphoma (N=8) received
the BEAM regimen (BCNU 300 mg/m2, Etoposide 800 mg/m2, Ara-C 800 mg/m2,
Melphalan 140 mg/m2) [11], followed by PBSC reinfusion one day after the

completion of chemotherapy. The PBSC-containing bags were thawed in a 37°C
water bath at bed-side, an equal volume of normal saline was added and the cell
suspension was infused rapidly. All infusions were administered through the doublelumen Hickman catheter. No simultaneous bone marrow transplantation procedure
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was performed. In 30 of 40 patients G-CSF was administered from the day of PBSCT until the WBC-count in the peripheral blood. exceeded 5x109/L.
- PBSC and hematopoietic recovery -

The relationships between the number of mononuclear cells, the number of
CD34+ cells and the number of CFU-GM reinfused were analyzed in relation to time

to platelet transfusion independence (defined as the number of the days after
reinfusion from which on the platelet count remained _> 20x109/l without platelet
transfusions), days to granulocyte recovery (>_ 500x106/1), transfusion requirements
and duration of hospitalization.

Primary graft failure was defined as continued requirement of platelet and/or
red blood cell transfusions 3 months after PBPC-T, or continued WBC counts below
3.0x109/1 at that time. Secondary graft failure was defined as a secondary significant
fall in blood counts for at least one month, occurring at any time after initial full
engraftment (hemoglobin level > 7.0 mmol/L, WBC count >_ 3.0x109/L and
platelets count z 100x109/L, for at least one month).
Statistical analysis

The logrank test was used to study the association of a range of patient
characteristics (see Table 1) with the time to granulocyte recovery (to a level of 500x
106/1) and with the time to platelet transfusion independence. To simultaneously

determine the relative influence of these factors (multivariate analysis), a Cox's
proportional hazards model was used. The models were built using a stepwise
procedure.

RESULTS

Between January 1990 and August 1993, 40 patients underwent transplantations
with autologous peripheral blood progenitor cells (PBPC-T). Pertinent patient

characteristics are listed in Table 1. A median of 3.5 (range 1-8) leukocytapheresis
procedures were performed to harvest the PBPCs.
The number of mononucleated cells and of CD34+ cells were determined in the
grafts of all patients, and the CFU-GM assays in the grafts of all but 4 patients.The
median number of CD34+ cells available for reinfusion was 7.1x106/kg (range: 0.8 39.4).
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Table 1.

Univariate analysis of patient- and graft characteristics as predictors of
granulocyte recovery (500x 106/L) and platelet transfusion independence.

Characteristics

No. of
patients

P-values

Gran.recovery

Plat. transfusion
independence

-------------------------------------------- 77--7 ----------------------- ---------------------

Age (years)

< 25
26-35

6

36-45

13

NS

NS

27

NS

NS

21
19

NS

0.0197

NS

0.0480

NS

NS

0.0012

NS

NS

0.0388

13

> 45
Sex

No. of prior regimens

male
female
1

z2
Mobilization regimen
High-dose regimen

G-CSF after reinfusion
CD34{'cells x 106/kg

FEC
IME

22

CTC

33

other

7

yes

30

no

10

<7.8
>7.8

24

< 5.0

CFU-GM x 104/kg

MNC x 108/kg

13

18

16
16

z5.0

24

NS

0.0089

< 3.0

z 3.0

8
32.

NS

0.0219

< 50

7

NS

0.0594

NS

0.0779

NS

0.0001

NS

NS

NS

NS

z50

29

unknown

4

< 80

14

z80

22

unknown

4

< 100

22

2100
unknown

4

14

<20
z20

2

<42
z42

22

38
18

thiotepa, cyclophosphamide; CFU-GM-colony forming units-granulocytes/macrophages;
FEC-fluorouracil, epidoxorubicin, cyclophosphamide; G-CSF-granulocyte colony stimulating factor; gran.granulocytes; IME-ifosfamide, mesnum, etoposide; MNC-mononuclear cells; NS-not significant; plat.-platelets.

CTC-carboplatin,
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The median reinfusion-numbers of CFU-GM and MNC were 97x104/kg (range:
4.39 - 419) and 4.0x108/kg (range: 1.9 - 13.5), respectively.
To compare granulocyte and platelet recoveries in patients who had received
low numbers of CD34+ cells versus patients who had received high numbers, several

cutoff points were studied, including 3.0x106/kg [12], 5.0x106/kg [13] and 7.8x
106/kg [8] CD34+ cells. These numbers have been used by others for a similar
purpose. In all three groups we observed a significant difference in recovery rate of
granulocytes, WBC and platelets. For the purpose of this report, we have selected
5.0x106 CD34+/kg as cutoff value to divide the 40 patients into two groups of similar
size. A reinfusion number of 100x104 CFU-GM /kg was selected as cutoff value for

the statistical analysis, because this number divided the patients in two different
groups with respect to granulocyte and platelet recoveries. There was no statistically
significant difference between the groups when cutoff values of either 50x104/kg or
80x104/kg were used (Table 1), in contrast to what has been reported in the literature
[3,8].

Granulocyte recovery.
In the 30 patients who received G-CSF after PBPC-T, the granulocyte counts had
recovered to at least 500x106/l by day 10 after reinfusion (median; range: 8-13 days).
In the ten patients who did not receive G-CSF following PBPC-T, the granulocyte
recovery occurred later, with a median time of 15 days before this level was reached
(range: 10-28 days) (p=0.0003). This highly significant difference was observed
despite the fact that the median number of CD34+ cells reinfused in the non-G-CSF

group was more than twice the number of that in the G-CSF-positive group:
10x106/kg (range: 1.4-15.8) versus 4.9x106/kg (range: 0.8-39.4).

In the patients who received G-CSF after PBPC-T (N=30), reinfusion of z
5.0x106 CD34+ cells/kg resulted in a significantly faster granulocyte recovery to 500
x106 cells/1 (median: 9 days, range: 8-12) compared with the time to recovery after

reinfusion of < 5.0x106 CD34+ cells (median: 11 days, range 10-13) (p=0.0001,
Fig. IA). The discriminating power of the CFU-GM numbers was similar. When the
number of CFU-GM reinfused was >_ 100x104, granulocyte recovery to 500x106
cells/1 took a median of 9 days (range: 8-12), while after reinfusion of < 100x104/kg
recovery to this level took a median of 11 days (range: 9-13 days, p=0.0009, Fig.
1B).
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A.

fraction of patients (> 500 x 101/1 granulocytes)

0.8-+-

0.840.4-+P = 0.0001

0.2-+-

I--

0
7

8

9

10
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12

13

14

days after reinfusion (CD34; cells)

B.

fraction of patients (> 500 x 101/1 granulocytes)

0.8-+-,
0.6-4-

0.4-+-

0.24p = 0.0009

0
7

8

9

10

11

12

13

14

days after reinfusion (CFU-GM)

Figure 1. Granulocyte count recovery to 500x106/L after PBPC-transplantation in
patients who received G-CSF after reinfusion.
(A) Dotted line: Z5-0x]106/kg CD34+ cells grafted (n=15), uninterrupted line: <5.Ox1O6/kg CD34+
cells grafted (n=15); (B) Dotted line: Z 100x104/kg CFU-GM grafted (n= 11), uninterrupted line:
< 100x104/kg CFU-GM grafted (n=19).
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In the group of patients who did not receive G-CSF after reinfusion (N =10),
only a single patient received less than 5.0x106 CD34+ cells/kg. This patient, who
was transplanted with only 1.4x106 CD34*/kg, later experienced secondary graft
failure (see below). In the patients who did not receive G-CSF after transplantation, a
relationship between the number of CD34+ cells reinfused and the rate of granulocyte
recovery could not be established (data not shown). However, it should be noted that

the number of patients in this group (N=10) was too small for a statistically
meaningful analysis.

Platelet recovery.
A platelet count of > 20x109/1 was achieved within 40 days after PBSC-T in all
40 patients, with a median of 14.5 days (range 7-40). The administration of G-CSF
after reinfusion did not influence the rate of platelet recovery (data not shown).
Reinfusion of at least 5x106 CD34+ cells/kg was associated with a significantly
shorter time to platelet transfusion independence. The median day after reinfusion on
which this was achieved was day 12 (range: day 7-37), while this took a median of

21 days (range 15-40) in patients who had received < 5.0x106 CD34+ cells/kg
(p=0.0012, Fig. 2A).
The number of CFU-GM that was reinfused could be used in a similar way.
Patients who had received at least 100x104/kg CFU-GM achieved platelet transfusion
independence by day 11 after reinfusion (range: day 7-15), while this took a median
of 19 days (range: 9-40 days) in patients who had received less than that (p=0.0002,
Fig. 2B).

MNC and hematologic reconstitution
No relationship could be detected between the number of MNC reinfused and
one of the parameters of the times to blood cell recovery (data not shown).
CD34+, CFU-GM and MNC.
As might be expected, a significant correlation existed between number of

CD34+ cells and the numbers of CFU-GM (r= 0.70, p < 0.0001, Fig. 3). A
correlation between the number of MNC and the numbers of either CFU-GM or
CD34+ cells was absent (data not shown).
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fraction of patients (platelets > 20 x 101/1)
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Figure 2. Time to platelet transfusion independence after PBPC-transplantation.
(A) Dotted line: Z 5.0x10°/kg CD34' cells grafted (n=24), uninterrupted line: <5.Ox105/kg CD34'
cells grafted (n=16). (B) Dotted line: Z lOOxIO'/kg CFU-GM grafted (n=11), uninterrupted line:
< l OOx 1O'/kg CFU-GM grafted (n= 19).
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Multivariate analysis
The factors studied and the results of the univariate analysis are presented in
Table 1. The only factor predictive of a rapid granulocyte recovery in the univariate
recovery was the use of G-CSF after reinfusion (p=0.0012). When the factors were
studied in the Cox's model, however, and the patients were stratified for the use of
G-CSF after reinfusion, the number of CD34+ cells/kg was also significantly
associated with granulocyte recovery (p=0.0001). None of the other factors in table 1
improved the model in a statistically significant manner.

Several factors were associated with platelet recovery, as also indicated in
Table 1. When these factors were studied together in a Cox's model, the most
statistically significant one was the number of CFU-GM/kg in the graft (p=0.0002).
Four patients could not be included in this part of the analysis, since this number was
unknown for their grafts. No other factor improved the model significantly. Since the
number of CFU-GM and the number of CD34+ cells were closely correlated (Fig. 4)
and because the number of CD34+ cells/kg is more convenient to obtain than that of
the CFU-GM/kg, a similar model was studied in which the number of CFU-GM was
ignored. This model could be based on the data from all 40 patients. In this case, the
number of CD34+ cells/kg was found to be the only statistically significant factor for
platelet recovery (p=0.0008).
log CFU-GM/kg

7--

5.5-r = 0.70
p < 0.0001

4
5.5

6

8.5

7

7.5

8

log CD34' /kg

Figure 3. Correlation between the number of CD34+ cells and CFU-GMs grafted.
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fraction of patients (> 500 x 101/1 granulocytes)
p

0.8-40.8-+1'

0.4-+0.2-+-

p = 0.0003
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30

days after reinfusion (+ /- G-CSF)

Figure 4. Time to granulocyte recovery (500x106/L) after PBPC-transplantation.
Dotted line: patients who received G-CSF after reinfusion (n=30), uninterrupted line: patients who
did not receive G-CSF (n= 10).

Transfusion requirements and duration of hospitalization
Patients who received over 5.0x106 CD34+ cells/kg required significantly
fewer red blood cell transfusions and platelet transfusions, and had fewer days of
fever over 38 °C. On average, they also spent less time in hospital, but this difference
was not statistically significant (Table 2).

Graft failures
Primary graft failures (see materials and methods for definition) were not
observed. In one patient with breast cancer, however, secondary graft failure

occurred. She had been reinfused with only 1.4x106/kg CD34+ cells and 37x10°
CFU-GM/kg. The viability of the leukocytapheresis-product after cryopreservation
had been adequate: 89%. After an unremarkable recovery with platelet numbers up to
98x109/1 and a maximum WBC count of 5.3x109/L, cytopenias recurred. From day 92
after PBSC-T on, the number of platelets fell to a level of 15x109/1, and the WBC

counts decreased to 2.0x109/1. Transfusions of red blood cells were repeatedly
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required. Bone marrow, which had been stored prior to high-dose chemotherapy, was
reinfused on the 197th day after transplantation. This resulted in rapid hematologic
reconstitution. Blood transfusions were no longer necessary, the granulocyte count
exceeded 3.0x109/1 four weeks after transplantation and the platelet count rose above
50x109/1 within 8 weeks after transplantation.

Table 2. Fever, transfusion requirements and day of discharge in 40 patients, depending on
number of CD34+ cells/kg reinfused (means).
Parameters

55.0x106/kg
CD34+ cells
(n =16) (range)

> 5.0x106/kg
CD34' cells (n=24)

p-value

(range)

------------------------------------------------------------------------------------------Days fever > 38C

6.7 (1-12)

4.0 (0-12)

p =0.05

Units of red blood cells
transfused

7.1 (4-16)

4.6 (2-9)

p=0.015

No. of platelet transfusions

6.4 (2-11)

3.9 (2-13)

p=0.005

15.6 (11-37)

11.7 (1-13)

NS

Days of hospitalization
after stem cell reinfusion

Mann-Whitney test.

DISCUSSION

As reported by others [14], the reinfusion of peripheral stem cells resulted in
rapid granulocyte reconstitution in all patients and in swift achievement of platelet
transfusion independence in most. The recovery kinetics compare favorably with
historic series of patients who received autologous bone marrow alone after highdose therapy. The number of mononuclear cells that were reinfused did not correlate
with the time to granulocyte- and platelet recovery, but both the CFU-GM numbers
and the numbers of CD34+ cells reinfused did. There was a satisfactory correlation
between the CFU-GM determinations and the CD34+ counts (r=0.71), while none of
these was clearly superior to the other in predicting recovery. Consequently, there
appears to be no need to perform both assays if one merely wishes to establish the
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adequacy in size of the stem cell harvest. Although the CFU-GM number was slightly
better in predicting platelet recovery, the CD34+ cell counts can be rapidly performed

by flow cytometry and are less tedious than CFU-GM assays. Because of this, we
have discontinued the routine use of CFU-GM assays in the setting of uncomplicated
single-procedure stem cell reinfusions. A second reason to prefer CD34+ cell counts
over CFU-GM assays could be that the latter may be more difficult to standardize
than the former. The wide variations in results between laboratories could obviously
preclude comparisons of mobilizing regimens and frustrate the conduct of urgently
needed multi-center studies of high-dose therapy.

Our data clearly show that stem cell transplantations with relatively low
numbers of CD34+ cells can rapidly restore granulocyte counts, although the time to
recovery may be one or two days longer than when high numbers of CD34+ cells are
reinfused (Fig. IA). Such a slight prolongation of the absolute neutropenic period is
probably not clinically important and it illustrates the practical value of reinfusing

small numbers of peripheral stem cells even if an autologous bone marrow
transplantation must be performed because of poor mobilization results.

A major difference between low CD34+ cell and high CD34+ cell stem cell
transplantations was observed in the platelet recovery data (Fig. 2A). In fact, the
number of the CD34+ cells reinfused is a fairly good predictor of the time to platelet
transfusion independence (TPTI) (Fig. 5). Clearly, the length of this time depends on
the number of divisions the progenitor cells will have to go through to accumulate the
cell mass required for adequate mature cell counts. If the population doubling times
are thought to be constant, the TPTI should be linearly related to the logarithm of the
number of reinfused progenitor cells. Although CD34+ counts are obviously not an
ideal measure of megakaryocyte-precursors and despite the fact that considerable
inter-patient variation might be expected for many reasons, this linear relationship
between the logarithm of CD34+ reinfused cells and TPTI was clearly detectable in
our results. In practice, all patients who received at least 10x106 CD34+ cells/kg had
achieved platelet transfusion independence before day 15 (Fig. 5). Below that number
the rate of recovery was highly variable.
Improved quantification of thrombocyte precursors has been reported in studies

employing multi-parameter phenotyping of CD34+ cells [15] and more accurate
predictions of platelet recovery may become clinically available in the near future.
The establishment of a practical minimum number of CD34+ cells required for

rapid and durable engraftment continues to be hampered by differences in CD34+
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assay methodology and by differences in stem cell mobilizing regimens. The latter
may lead to different distributions of the various progenitor cell types which may not
be accurately reflected by the CD34+ cell counts.
In addition, patient factors such as age, previous chemotherapy, bone marrow
involvement and the type of preparative high-dose regimen could lead to differences
in recovery kinetics.
days after reinfusion: platelets > 20 x 109/1
40

35 30 -1

25 20 -I

r = - 0.56

1510
5

p < 0.001

-t - 1
5.8
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6.4

6.6

6.8

7

7.2

7.4

7.6

7.8

8

log CD34 /kg

Figure 5. Time to platelet transfusion independence, TPTI, after PBPC-transplantation, as a
function of the logarithm of the number of CD34+ cells/kg grafted.

The population in this report consisted entirely of patients with lymphomas or

solid tumors without bone marrow involvement. All patients received stem cell
mobilizing regimens based on standard-dose cytotoxic drugs and moderate doses of
G-CSF and all patients underwent high-dose chemotherapy without Total Body
Irradiation. In this setting, 3.0 - 5.0x106 CD34+ cells/kg body weight was adequate
and was associated with rapid engraftment. When less than this number of CD34+
cells are available for reinfusion, a simultaneous autologous bone marrow
transplantation may be prudent to avoid secondary graft failure. Even in that case, the
peripheral stem cells reinfused will ensure rapid granulocyte recovery (usually before
day 12 after reinfusion) despite their relatively low numbers.
Another unresolved controversy is the use of hematologic growth factors after
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the reinfusion of peripheral stem cells. Although we have not investigated this in a
randomized study, we have withheld G-CSF after reinfusion in 10 consecutive
patients who 'received high-dose chemotherapy in the adjuvant setting for breast
cancer. Since these patients had not received previous chemotherapy except the four
courses of fluorouracil, epidoxorubicin and cyclophosphamide as part of their
adjuvant chemotherapy, delayed reconstitution was not expected on the basis of one of
the patient factors mentioned above. Nevertheless, their time to granulocyte recovery
was significantly longer when compared to the whole patient group (p=0.0003, Fig.

4) or when compared to the other 8 patients receiving high-dose therapy for breast
cancer. This difference, which averaged 6 days for recovery of granulocyte counts of
500x106/1, was not associated with important morbidity or even mortality in this small
series. Early studies aiming to define the effects of colony stimulating factors in this
setting have yielded conflicting results [12,16]. Definitive trials studying the effects
on mortality would require large studies which would rapidly be outdated as the field

of stem cell transplantation continues to expand and new growth factors become
available. For the time being, we feel that administration of G-CSF is indicated in
view of the lack of side effects and the reduced duration of hospitalization.
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Toxicity of radiotherapy

ABSTRACT

Background.
High-dose chemotherapy with autologous bone marrow and/or circulating
blood progenitor cell support (CBPCS) is increasingly employed in the adjuvant
treatment of high-risk breast cancer. Subsequent radiation therapy has been reported
to be associated with morbidity and mortality resulting from pulmonary toxicity. In
addition, the course of radiation therapy may be hampered by excess myelosuppressi-

on. The purpose of the present study has been to establish the contribution to
radiation-induced toxicity of a high-dose chemotherapy regimen that incorporates
cyclophosphamide, thiotepa and carboplatin, (CTC), in patients with high-risk breast
cancer.

Patients and methods.
In two randomized single-institution studies, 70 consecutive patients received
anthracycline-containing adjuvant chemotherapy (FEC, fluorouracil, epidoxorubicin
and cyclophosphamide) followed by radiation therapy to achieve maximal local
control. Thirty-four of these patients underwent high-dose CTC with autologous
CBPCS

Results.
All patients tolerated the full radiation dose in the planned time schedule. Radiation pneumonitis was observed in 5 patients (7%), four of whom had undergone
high-dose chemotherapy (p=0.38). All five responded favorably to prednisone. Fatal

toxicities were not observed. Myelosuppression did not require interruption or
untimely discontinuation of the radiotherapy, although significant reductions in
median nadir platelet counts and hemoglobin levels were observed in patients who had
received high-dose chemotherapy (p=0.0001). The median nadir of WBC counts was

mildly but significantly decreased during radiotherapy (p=0.01). Red blood cell or
platelet transfusions were rarely indicated.
Conclusions.
Adequate radiation therapy for breast cancer can be safely administered after
high-dose CTC with autologous CBPCS. Radiation-induced myelotoxicity is clearly
enhanced following CTC but this is of little clinical significance. Radiation pneumoni-

tis after high-dose therapy may occur more often in patients with a history of lung
disease or after a relatively high radiation dose to the chest wall. Other high-dose
regimens than CTC, particularly those incorporating drugs with known pulmonary
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toxicity (such as BCNU), may predispose patients for radiation pneumonitis.

INTRODUCTION

The ability of adjuvant high-dose chemotherapy with autologous bone marrow
support to improve long-term disease-free and overall survival in young patients with
high-risk breast cancer has become a subject of intensive research [1,2,3]. The highdose chemotherapy regimen is usually part of a combined modality approach and is
preceded by an anthracycline-based induction chemotherapy and followed by radiotherapy- The benefit of the addition of radiotherapy to adjuvant chemotherapy, with
regard to both local disease control and overall survival, has been well established
[4,5,6].
In the largest published study of adjuvant high-dose chemotherapy and
radiotherapy in high-risk breast cancer, enthusiasm about the efficacy of this regimen
was somewhat tempered by the substantial toxicity, that led to a 12% toxic death rate
[1]. Pulmonary toxicity, occurring 1 to 6 months following the high-dose consolidation program, developed in 26 patients (31 %) and proved to be fatal in two [1]. In 7
of the 26 patients, pulmonary toxicity developed during locoregional radiation therapy
and required prolonged treatment interruptions or discontinuation before the full dose
could be given [1,6]. Four additional patients could not receive the planned radiotherapy because of profound bone marrow suppression [6,7].
It is reasonable to assume that the pulmonary- and the hematological toxicities
mentioned above result from the interaction of the high-dose drug regimen with the
radiation techniques employed. In addition, these toxicities may possibly be enhanced
by the treatment schedule and the anthracyclin-based induction chemotherapy. The

severity of radiation damage to the lungs has principally been related to technical
factors, including the volume of lung tissue irradiated, the total dose and the rate of
its delivery and the quality of radiation [8,9]. Animal studies have suggested that
preceding chemotherapy may potentiate the damaging effects of radiation to the lung
[10]. Clinical data on the additive role of chemotherapy in radiation-induced pulmonary toxicity are, however, scarce [9] while the importance of its dose for this effect is
as yet unknown.
Since BCNU (carmustine) is well known for its pulmonary toxicity [11-19], it
is conceivable that its use in a high-dose chemotherapy regimen, such as in the study
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of Peters and colleagues [1], could contribute to the lung damage [18,19]. In addition,
the subsequently administered dose of radiotherapy, including a boost to the mastectomy scar, could have enhanced previous subclinical pulmonary drug toxicity.

Since 1991, patients with high-risk breast cancer in the Netherlands Cancer
Institute have been randomized to receive high-dose chemotherapy with CBPC
support following anthracycline-based chemotherapy. The high-dose regimen contains

carboplatin, thiotepa, and cyclophosphamide (CTC), a combination which has not
been associated with pulmonary toxicity [20,21], even when administered repeatedly
[22]. Following CTC, all patients received radiation therapy.
We have analyzed the first 70 patients with respect to the occurrence of pulmonary- and hematological toxicity. Due to the randomized character of the study, the
contribution of the high-dose chemotherapy regimen to the development of both types
of toxicity could be investigated.

PATIENTS AND METHODS

From March 1991 until February 1995, 70 patients with high-risk breast
cancer in the Netherlands Cancer Institute received a combined modality treatment
regimen in two randomized studies evaluating the role of high-dose chemotherapy.
Fifty-four patients with high-risk breast cancer, based on a tumor-positive apical
axillary lymph node biopsy, were randomized in a single-institution trial which started
in March 1991 (Figure 1 A). Sixteen additional patients with breast cancer and four
or more axillary lymph node metastases were treated according to a Dutch national
study in which the first patient was entered in January 1994 (Figure 1 B). In both
studies, patient accrual is still ongoing.
Both clinical studies were approved by. the Institutional Protocol Review
Committee and by the Institutional Committee on Medical Ethics. Written informed
consent was obtained from all patients according to institutional guidelines.

Patients
All patients had histologically confirmed stage II-IIIB adenocarcinoma of the
breast with at least 4 involved axillary lymph nodes, but no distant metastases. All
were under 60 years of age, and their WHO performance status was 0 or 1. Staging
procedures included a chest roentgenogram, an ultrasound examination of the liver, a
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Chapter VI

radionuclide bone scan and full examination of hematological and biochemistry
values. Renal and hepatic functions had to be adequate with a creatinine clearance of
? 60 ml/min and a serum bilirubin of _< 25 umol/1. A white blood cell (WBC) count
100x109/1 were required. Patients were
of z 4.0x109/1 and a platelet count of
ineligible if they had a history of prior or concomitant cancer of another site or organ

or if they had any disorder that might interfere with adherence to the intensive
regimen (e.g cardiac or pulmonary malfunctioning). No prior chemotherapy or
radiotherapy was allowed.
APEX NODE POSITIVE

A:

B:

>3 AXILLARY LYMPH NODES

FEC x 3

Surgery

1
Surgery

FEC x 2

FEC x 5
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I

1
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stem cell harvest
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1

1

CTC+ PSCT

4

RADIOTHERAPY
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Figure 1. Study design of the treatment regimens.
CTC- carboplatin 1600 mg/m2, thiotepa 480 mg/m2, cyclophosphamide 6000 mg/m2; FEC- 5-fluorouracil 500
mg/m2, epidoxorubicin 90 mg/m2 (Study B)-120 mg/m2 (Study A), cyclophosphamide 500 mg/m2; G-CSFgranulocyte colony stimulating factor; PSCT- peripheral stem cell transplantation; R- randomization.
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Treatment regimen
In the Netherlands Cancer Institute, all patients with clinically operable breast
cancer, except those with TIN, disease, undergo a biopsy of the homolateral apical
axillary lymph node before definitive surgery [23]. If a frozen section shows metastatic disease, no further surgery is performed at that time and the patients receive 3
cycles of FEC-chemotherapy (see below) up-front. In case of FEC-responsive disease,
as measured by clinical parameters [24], mastectomy or breast conservative surgery
(BCS) with axillary clearance is then performed. Subsequently, patients are randomi-

zed to a fourth course of FEC-chemotherapy followed either by high-dose CTCchemotherapy (see below) with CBPCS, radiotherapy and 2-years tamoxifen or by
radiotherapy and tamoxifen alone (Fig. 1, study A).
Patients with operable breast cancer and no axillary apex lymph node metastases receive definitive surgery. When pathologic examination reveals metastatic
involvement of 4 or more axillary lymph nodes, randomization in a Dutch national
study for high-risk breast cancer is offered (Fig. 1, study B). With exception of the
time of surgery, the outline of this study is similar to that of study A, including the
sequence of administration of chemotherapy and radiation therapy.
- FEC-chemotherapy All patients received four 21-day outpatient cycles of FEC-chemotherapy, each
cycle consisting of a relatively high dose of epidoxorubicin (120 mg/m2 in study A,
90 mg/m2 in study B, Fig. 1) and fluorouracil (500 mg/m2) and cyclophosphamide
(500 mg/m2), all administered by i.v. push [21]. Patients randomized to the control
arm of the study, received a fifth cycle of FEC-chemotherapy instead of the high-dose
CTC-chemotherapy.
- High-dose CTC-chemotherapy The high-dose chemotherapy regimen was divided over 4 consecutive days (day
-6 through day -3) and consisted of cyclophosphamide 1500 mg/m2/d administered as
a 1 h intravenous infusion together with a continuous infusion of 3 gram mesna per
day, thiotepa 120 mg/m2/d divided over two 1 h intravenous infusions, and carboplatin 400 mg/m2/d given as a 2 h infusion [20].
Reinfusion of autologous circulating blood progenitor cells took place on day
0. granulocyte-colony stimulating factor, G-CSF, (Filgrastim; NeupogenR, received as
a gift from Amgen-Roche, Breda, The Netherlands) in a dose of 300 µg irrespective
of body weight, was routinely administered following reinfusion until the WBC count
in the peripheral blood exceeded 5.Ox109/1 [25].
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- Stem cell mobilization and harvest The methods used for the mobilization and harvest of hematopoietic progenitor
cells have been described in detail elsewhere [25]. The third (Fig. 1, study B) or the
fourth (Fig. 1, study A) FEC-chemotherapy cycle was used to induce mobilization of
circulating progenitor cells employing a daily dose of 300 ug subcutaneously G-CSF.

The size of the stem cell harvest was determined based on the number of CD34+
cells/kg obtained. A number of 23.0x106 CD34+ cells/kg body weight was considered sufficient for transplantation [25].
- Supportive care The supportive care measures employed during high-dose chemotherapy have

been reported before [20,21]. Patients received selective bowel decontamination,
prophylactic antibiotics against streptococci, and fungistatics. Blood products were
irradiated before transfusion.
- Radiation therapy Radiation therapy was initiated as soon as possible after the chemotherapy had
been completed, i.e. within 4 weeks after the last FEC-course in the control treatment

arm and within 8 weeks following high-dose CTC-chemotherapy, provided that'
adequate bone marrow recovery had been obtained (WBC >_ 3.0x109/1 and platelets
Z 75x109/1), and no other treatment related toxicity was present.
- Internal mammary nodes: The course of radiation therapy included irradiation
of the ipsilateral internal mammary nodes with a radiotherapy field extending from 2
cm above the sternal notch down to the fifth intercostal space with a field of 6 cm
wide (1 cm hetero-and 5 cm homolaterally from the midline). If the internal mammary node scan showed crossing over, the radiation field was adjusted accordingly. The
radiation dose consisted of 50 Gy in 5 weeks calculated at 2 cm depth in 25 fractions,
using a combination of .photon beams (Cobalt 60 or linear accelerators) and electron
beams (10-14 MeV), 2 Gy per fraction.
- Axilla and supra- and infraclavicular region (McWhirter fields): In study A
(Fig. 1), all patients received 'irradiation to the McWhirter fields with a dose of 50 Gy
in 5 weeks, in 25 fractions with a daily dose of 2 Gy. In the patients with metastases

to the axillary lymph nodes, (Fig. 1, study B), indications for irradiation to the
McWhirter region included irradicality at the primary tumor site or extensive axillary
lymph node involvement. The dose was defined at a depth of 2 cms. For the lateral

axilla the dose was calculated on the midline and underdosage was adjusted by a
posterior field.
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- Breast: Following BCS, the whole breast was irradiated with a minimum dose

of 50 Gy in 25 fractions, 2 Gy per fraction, at the intersection of the beam axes in
the central plane. Minimum and maximum dosage in the central plane were > 95 %
and < 110%. A 15 Gy boost dose was administered on a field containing the tumorectomy area, either by interstitial implant or by external irradiation.
- Thoracic wall: In patients with apex-node positive disease (Fig. 1, study A)
having received a mastectomy, the chest wall was irradiated to a dose of 40 Gy in 20
fractions, 2 Gy per fraction, using electrons with an energy of 6 or 8 MeV, depending on the thickness of the thoracic wall as measured by ultrasound exami-nation. In
patients in study B (Fig. 1), irradiation to the chest wall was only indicated following

a microscopically incomplete resection. A boost to the mastectomy scar was not
administered. Special attention was paid to avoid overlapping of the irradiation fields.
- Hormonal therapy -

Following radiation therapy all patients received tamoxifen for 2 years, in a
dose of 20 mg daily (Fig. 1).
Follow-up

Hematological parameters, i.e. hemoglobin (Hb, mmol/1), WBC count and
platelets were determined at the start of radiation therapy and weekly thereafter until
2 weeks following the end of radiotherapy. In the next 12 months, laboratory tests
were performed bi-monthly. Chest roentgenograms were routinely performed prior to
radiotherapy and within 6 months thereafter. If indicated, both hematological and
roentgenographic evaluations were performed more frequently.
Evaluation of pulmonary function
Pulmonary function tests were done only on clinical indication. They were
performed with a Jaeger Masterlab (Wurzburg, Germany). Spirometry included vital
capacity (VC), forced expiratory volume in 1 s (FEV,), FEV,/VC, and total lung
capacity (TLC). Diffusion capacity for carbon monoxide (DLCO) was measured and
adjusted for alveolar volume, resulting in the KCO. Individual test results were
expressed as a percentage of predicted normal values [26].

Statistics
Differences in hematological toxicity following both treatment regimens were
calculated using the non-parametric Wilcoxon signed-rank sum (Mann-Whitney U)
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test. P-values below 0.05 were considered significant. A chi-squared test was

performed to study the association between the chemotherapy administered and the
occurrence of pulmonary toxicity.

RESULTS

Between March 1991 and June 1994, fifty-four patients with apex node positive
disease were randomized to receive 4 FEC-chemotherapy cycles either followed by
high-dose CTC-chemotherapy with autologous CBPCS or no further chemotherapy.
Both arms were followed by radiation therapy and hormonal treatment (Fig. 1, study
A). Following randomization, four patients refused the allocated treatment with highdose chemotherapy. They were subsequently treated according to the control arm of
the study and were analyzed as such. Another 16 patients with axillary lymph node
metastases were randomized in a similar fashion except for the patients not receiving
high-dose therapy who received a fifth FEC-chemotherapy cycle instead (Fig. 1,
study B). This results in a total of 34 patients who received the high-dose chemotherapy regimen and 36 patients who were treated according to the control arm (Table
I). The median follow-up time, calculated from the end of radiation therapy, is 23
months (range 3-51).
Pertinent patient characteristics are shown in Table I.

Radiation therapy
All patients received their full dose of radiation therapy according to the
planned time schedule. Toxicities requiring untimely discontinuation or interruption of
radiation were not observed. The interval between the last chemotherapy cycle and
the start of radiation therapy was significantly longer in patients who had received
high-dose CTC-chemotherapy compared to patients in the control arm, with a median
time of 7 weeks (range 5-11) versus 4 weeks (range 3-8) respectively, p=0.01 (Table
D.

In two patients, one in both treatment groups, initiation of radiotherapy had to
be postponed to respectively 8 and 11 weeks due to a persistent fistula which had
developed following breast surgery. In both patients, radiotherapy was subsequently
administered without complications.
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Table I. Pretreatment patient characteristics.
Characteristics

HD-CTC

FEC only

---------------------------------------------------------------------------------------------

No. of patients

36

34

Apex node positive
(Fig. 1, study A)

30

24

6

10

Median age (range)

45 (27-59)

41 (24-52)

Mastectomy

Four or more axillary
lymph nodes
(Fig. 1, study B)

30

30

left

11

14

right

19

16

6

4

left

3

2

right

3

2

Th + IM + McW
breast + IM + McW

27
6

28
4

IM only

3

2

Median time between last CT and start
of RT (range, weeks)

4 (3-8)'

7 (5-11)'

Breast conservative surgery

Field of radiation

Median follow-up time since end of RT
(range; months)

17 (3-40)

.

17 (2-36)

CT- chemotherapy; FEC- 5-fluorouracil, epidoxorubicin, cyclophosphamide; HD-CTC- high-dose carboplatin,
thiotepa, cyclophosphamide; IM- internal mammary lymph nodes; McW- Mc Whirter fields; RT- radiation
therapy; Th- thoracic field.

p=0,001

Hematological toxicity
- before radiation therapy: At the start of radiotherapy, no important difference
was observed in WBC count between patients in the high-dose chemotherapy arm and
those in the control arm of both studies (data not shown). The number of platelets and

the hemoglobin levels were,, however, significantly lower in patients who had
received high-dose CTC-chemotherapy, with a median platelet count of 184x109/L
(range 32-330) and a hemoglobin level of 6.5 mmol/L (median, range 5.5-8.0) in this
group of patients compared to median values of 337x109/L (range 87-562) and 7.6
138
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mmol/L (range 5.5-8.4) respectively in patients treated according to the control arm,
p=0.0001 for both (Fig. 2A,3A).

- during radiotherapy: During radiotherapy, the nadirs of the number of
platelets and of the hemoglobin level continued to be significantly lower in the highdose chemotherapy patients. In this group, the median nadir platelet count was about
half that in the control patients: 125x109/L (range 18-245) and 248x109/L (range 148342) respectively, p=0.001 (Fig. 2B). The hemoglobin was decreased in a similar

fashion showing median values of 6.6 mmol/L (range 4.9-8.1) in the high-dose
chemotherapy arm and 8 mmol/L (range 6.7-9.6) following FEC-chemotherapy,
p=0.0001 (Fig. 3B). During radiotherapy, patients who had received the CTCchemotherapy, had also lower WBC count nadirs, with a median value of 3.6x109/L
(range 1.4-5.6) versus 4.4x109/L (range 2.7-7.3) in the control arm, p=0.01 (data not
shown). Four patients in the high-dose chemotherapy arm required transfusion of 2
units of red blood cells. Transfusion of platelets were not given.
In none of the patients, however, hematological toxicity influenced the course of the
radiation therapy.
- after radiation therapy: In all patients, laboratory values were determined in

the period between 8 and 12 weeks following radiation therapy. At this time, the
median WBC counts were similar in both patient groups: 4.8x109/L (range 1.3-8.5) in
the high-dose chemotherapy arm versus 5.2x109/L (3.4-11.1) in the control arm (data
not shown). The significant differences in numbers of platelets and hemoglobin levels

persisted in favor of the patients having received FEC-chemotherapy only, with a
median platelet count of 265x109/L (range 174-452) and hemoglobin level of 7.9
mmol/L (median, range 7.1-8.8) in this group of patients compared to median values
of 171x109/L (range 17-295) and 7.2 mmol/L (range 5.3-8.4) respectively in the highdose chemotherapy group, p=0.0001 for both (Fig. 2C,3C). A platelet. count of
17x109/L was observed in one patient who experienced a secondary graft failure following autotransplant due to the development of a myelodysplastic syndrome.
Except for this patient, transfusions of platelets were not required.
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Figures 2 and 3. Hematological toxicity following radiation therapy preceded by either
FEC-chemotherapy (hatched bars) or HD-CTC- chemotherapy (solid bars).
Platelet nadirs (x106/L, Fig.2) and hemoglobin nadirs (mmol/L, Fig.3) before (A), during (B) and
after (C) radiation therapy.
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Hematological toxicity and the number of CBPC's reinfused
In patients having received high-dose CTC-chemotherapy with CBPCS,
the hematological toxicity occurring during and following radiation therapy appeared
to be unrelated to the number of progenitor cells reinfused, as determined by the
number of CD34+ cells and the number of colony-forming units of granulocytes and
macrophages (CFU-GM) (data not shown) [25].

Pulmonary toxicity
- during radiation therapy: While on radiotherapy, no patient complained of
shortness of breath or coughing, nor were there any other signs of pulmonary toxicity
at physical examination.

- after radiotherapy: Five patients (7%) developed the typical syndrome of
radiation pneumonitis, consisting of shortness of breath, coughing, hazy pulmonary
infiltrates on the chest roentgenogram and a marked reduction in diffusion capacity as
demonstrated by pulmonary function tests. All had undergone a mastectomy. Four
patients had received high-dose CTC-chemotherapy with CBPCS.

Two patients developed symptoms within 2 months of their last radiation
session. One of them had a history of chronic bronchitis but did not receive any
medication at that time. Both patients were treated with corticosteroids for a period of
10 months after which their clinical symptoms had completely resolved. At that time,
only a minor reduction in diffusion capacity still persisted with slight fibrotic changes
on the chest roentgenograms where previously infiltrates had been observed. Both
patients had received a higher than planned dose of radiation to the thoracic field: 50
Gy rather than the 40 Gy as prescribed by the protocol.
A third patient who had received the high-dose chemotherapy regimen followed
by a correct dose of radiation, developed the syndrome of radiation pneumonitis 10
weeks after the end of radiotherapy. She was successfully treated with corticosteroids
over a period of 9 months. Clinical symptoms, pulmonary function- and roentgenographic abnormalities all resolved.
The fourth patient started to complain about shortness of breath and coughing

only 3 weeks following the end of radiotherapy. A chest roentgenogram showed
pulmonary infiltration in the radiation field and a pulmonary function test revealed a
marked reduction in diffusion capacity, i.e. KCO 65% of predicted. Although all
parameters gradually improved, treatment with corticosteroids continued to be
required one year following its initiation. Reduction of the dose of corticosteroids
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below 10 mg per day induced a recurrence of the symptoms of radiation pneumonitis.
As a consequence, treatment with low dose corticosteroids had to be prolonged.

The fifth patient had been treated in the control arm of the study when she
developed rapidly progressive shortness of breath and a dry cough, starting 6 weeks
following the completion of radiotherapy. She had a history of chronic obstructive
pulmonary disease (COPD) for which she had frequently received prednisolone and
antibiotics in the previous years. At the time she developed the radiation pneumonitis,
she was not on any of these medications, and corticosteroids were initiated immediately. Clinical and roentgenographic improvement was rapidly obtained and treatment
with prednisolone could be discontinued within 5 months. In the subsequent 2 years
follow-up, she has received four 10-day courses of oral prednisolone in combination
with antibiotics to resolve exacerbations of her obstructive pulmonary disease. The
frequency of exacerbations has however not increased since the radiotherapy and
during follow-up her pulmonary function tests have remained unchanged.
Although radiation pneumonitis developed more frequently in the high-dose
chemotherapy group (4/34) than in the control group (1/36), this difference was not
statistically significant, p=0.349. Seven additional patients, 3 of whom had received
the high-dose chemotherapy, complained of cough without dyspnea, which occurred 4
weeks to 4 months following the completion of radiotherapy. They had all received a
correct radiation dose. Minor abnormalities on the chest roentgenogram compatible
with radiation fibrosis were observed in 4 patients, including the 3 patients who had
received high-dose chemotherapy. In these patients, pulmonary function tests were not
performed. Treatment with corticosteroids was not instituted and the clinical symptoms resolved spontaneously in all.
The pulmonary toxicity appeared to be unrelated to the side of radiotherapy,

i.e. left or right thoracic wall, to the habit of smoking, or to the degree of skin
toxicity (data not shown).

Radiation pneumonitis and hematological toxicity

A high erytrocyte sedimentation rate, varying from 89 to 136 mm/hr, was
found in all 5 patients who had developed radiation pneumonitis. In 3 of these, all
other hematological parameters were within the normal range. Hemoglobin levels of
5.6 and 5.8 mmol/1, WBC counts of 2.1 and 2.3x109/L and platelet counts of 35 and
78x109/L respectively, were found in the 2 remaining patients. They had developed
the radiation pneumonitis 3 and 5 weeks following the end of radiotherapy, when
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their blood counts were still recovering.

Skin toxicity and mucositis
In general, the cutaneous side effects of the radiation therapy were modest. In
both treatment arms, 9 patients (about 25 % in each treatment arm) developed WHO
grade 2 skin toxicity with erythema and dry desquamation. All other patients experienced only slight erythema of the skin.
During radiotherapy, soreness of the throat (WHO grade 1) occurred in about
half of the patients in both treatment arms and was readily relieved by the use of
polysilane gels. No mucositis was otherwise observed. Although all patients who
experienced dysphagia developed erythema of the skin, the grade of skin toxicity,
even when WHO grade 2, did not correlate with the development of mucositis.

DISCUSSION

High-dose chemotherapy with autologous bone marrow transplantation or with
hematopoietic progenitor cell support is increasingly employed as a component of
adjuvant therapy in high-risk breast cancer. Several randomized phase III studies,
both in Europe and in the U.S.[1-3,19], are currently in progress that should establish
by the end of the century whether the considerable cost and toxicity of this treatment
modality are justified.
Apart from the main question whether high-dose therapy can eradicate micrometastases from breast cancer where standard-dose chemotherapy cannot, a number of
other important uncertainties remain, that must be addressed by these studies. It is,

for example, unclear which of the currently available high-dose chemotherapy
regimens is the most favorable one, both in terms of efficacy and in terms of toxicity.
Toxicity of the regimen is clearly a major issue. In the landmark study of Peters [1],
treatment related mortality was 12% and many of the toxic deaths may have occurred
as a result of the interaction between the high-dose chemotherapy regimen and the
radiation therapy. The ability of radiation therapy to achieve local control in breast

cancer is critically dependent on the delivered dose and schedule. Because of
hematological or pulmonary toxicity, the radiation therapy had to be interrupted or
even stopped in a non-significant proportion of patients in Peters' study, thereby
potentially compromising the long-term results of the approach [1,6,7].
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While large numbers of patients and several years of follow up will be required
to analyze possible effects of high-dose adjuvant therapy on survival, the influence of
the regimen on radiation-toxicity can be evaluated much earlier. We have analyzed

the data of 70 patients who received adjuvant therapy because of high-risk breast
cancer. All patients were randomized in two closely related studies in which the only
difference between the two treatment arms was the presence or absence of a single
course of high-dose therapy (Fig. 1). The high-dose regimen employed consisted of
cyclophosphamide, thiotepa and carboplatin, a combination that has not been associated with major pulmonary toxicity [20,22].
Our data indicate that CTC chemotherapy followed by CBPCS does not lead to
excess radiation toxicity. Although 5 patients developed radiation pneumonitis (4 in

the high-dose arm and 1 in the control arm of the study), all could be managed
effectively with prednisone and no treatment related mortality occurred. It is tempting
to speculate that CTC may lead to less enhancement of radiation-induced lung toxicity
than a regimen incorporating high-dose BCNU. In the bone marrow transplantation
setting, pneumonitis is known to be the dose limiting toxicity of this agent [14,16,19].

A clear relationship between the area under the concentration versus time curve
(AUC) of BCNU and the occurrence of pulmonary toxicity has been reported [19]. It
has also been proposed that BCNU and cyclophosphamide may mutually enhance
their pulmonary toxicities [18]. A major role for cyclophosphamide alone, however,

is unlikely because both the CTC regimen and the CTCb regimen developed by
Antmai and co-workers [27-29] have not been associated with *lung toxicity.
Apart from the effects of the high-dose therapy, the dose and technique of the

radiation therapy may be essential [30,31]. Two of the five patients with radiation
pneumonitis in our study had erroneously received a radiation dose to the thoracic
wall that was significantly higher than that prescribed in the protocol. Another two
pneumonitis patients, including the one in the control group, had a long-standing
history of chronic obstructive pulmonary disease that may have predisposed them for
pulmonary complications [32,33].
All patients in the high-dose arm received autologous CBPCS, which may have

contributed to a relatively rapid hematopoietic recovery. As expected, the start of
radiation therapy after transplantation was nevertheless delayed as compared to the
control arm. The degree of bone marrow suppression after radiation therapy was
clearly higher in the high-dose chemotherapy arm, but it was clinically of little
significance and did not require the interruption or discontinuation of radiation
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therapy. Large numbers of hematopoietic progenitor cells can usually be harvested in
patients with localized breast cancer who have not previously received chemotherapy
[21]. These numbers exceed the yield of a typical autologous bone marrow harvest by
one or even two orders of magnitude and the influence of graft size on hematopoietic

reconstitution in these patients is well established [25]. Although speculative at
present, it is conceivable that the use of large numbers of circulating progenitor cells
in the high-dose therapy patients contributed to improved hematological tolerance of
radiation.

In conclusion, CTC chemotherapy with CBPCS appears to be a suitable highdose regimen to be used in the adjuvant treatment of patients with high-risk breast
cancer. It lacks the pulmonary toxicity that has been reported to occur with certain
other regimens and it can safely be followed by radiation therapy to the thoracic wall,
which is felt to be important to achieve maximal local control. The ultimate test of

the regimen, however, will obviously be the survival analyses of the prospective
randomized studies that are in progress. This will have to await maturation of the
data.
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Summary and conclusions

High-dose chemotherapy with circulating blood progenitor cell support (CBPCS)
is increasingly recognized as a potentially valuable treatment for different solid tumors,
including breast cancer and germ cell cancer. The clinical evaluation of the dose-response
concept followed the introduction of the hematopoietic growth factors and CBPCS. These
important advances in supportive care have significantly contributed to the feasibility of
high-dose chemotherapy by the substantial reduction of the aplastic period after high-dose
chemotherapy due to their administration. As a consequence, when myelosuppression is
no longer the dose-limiting toxicity, damage to other organs becomes more pronounced.
In this thesis the experience with high-dose chemotherapy with circulating blood
progenitor cell support (CBPCS) in adult patients with high-risk breast cancer or relapsed
or refractory germ cell cancer treated in the Netherlands Cancer Institute is reported.
Awaiting meaningful efficacy evaluations of the different high-dose chemotherapy

regimens in use, the frequency and prevention of severe organ toxicity is a critical
consideration in the selection of high-dose regimens for clinical studies. In Chapter I,
the cytotoxic agents most frequently used in the autotransplant setting for solid tumors
are discussed as single agents and as combinations. An overview of the pharmacokinetics
and toxicity of each drug as used in high-dose chemotherapy regimens is presented. This
is followed by an outline of the regimens most frequently employed in the treatment of
solid tumors with a focus on feasibility and toxicity.
Breast cancer patients presenting with tumor spread to the apical axillary lymph
nodes but without distant metastases constitute a prognostically very unfavourable subset
of node-positive patients with a 5-year survival rate of only 20 %-40 % with local treatment
by radiotherapy. The additive value of standard-dose chemotherapy is still the subject of
discussion. In an attempt to improve the outlook for patients with apical node-positive

stage III breast cancer, a combined modality regimen has been developed in the
Netherlands Cancer Institute. This incorporates pre-operative chemotherapy followed by
surgery, high-dose chemotherapy with autotransplantation, radiation therapy and hormonal
therapy. Such an approach requires a highly effective up-front chemotherapy regimen
consisting of a small number of courses in a short period of time that should be welltolerated by young chemotherapy-naive patients. As is described in Chapter II, three
courses of FEC-chemotherapy (5-fluorouracil, epidoxorubicin, cyclophosphamide) with
an increased dose of epidoxorubicin, 120 mg/m2, (FE120C), appear to fulfill these requirements. In 70 patients the major toxicity was moderate bone marrow suppression resulting
in a single 1-week treatment delay in only 4% of patients. In addition, a 90% clinical

150

Summary and conclusions

response rate and a 15% pathological complete response rate were observed.
Following surgery, a fourth course of FE120C-chemotherapy to induce mobilization
of CBPC's could successfully be administered without additional toxicity, as is described
in Chapter 111. In this chapter, the first data are presented of a high-dose chemotherapy
regimen consisting of carboplatin 1600 mg/m2, thiotepa 480 mg/m2 and cyclophosphamide
6000 mg/m2, CTC, in 28 patients with high-risk breast cancer. The CBPC mobilization
strategy, consisting of one course of FE120C-chemotherapy in combination with a low dose

of granulocyte colony-stimulating factor, G-CSF, proved to be convenient and resulted

in the harvest of high numbers of CD34+ cells. The subsequent high-dose CTCchemotherapy was reasonably well tolerated without life-threatening toxicity. Despite the
carboplatin dose in this CTC-regimen, which is twice as high as that employed in the

STAMP V regimen (that incorporates the same three agents), no irreversible organ
toxicity developed. The hematopoietic engraftment following reinfusion of the CBPC's
occurred rapidly, significantly accelerated by the subsequent administration of G-CSF.
One of the clinically most important problems were complications related to the
indwelling intravenous catheter. This is no doubt mainly due to its large diameter, which
is required to facilitate the high-blood flow essential for the efficacy of leucocytapheresis.
In Chapter IV, the results of the same high-dose CTC-regimen in 18 patients with
relapsed or refractory nonseminoma germ cell cancer are described. Patients received

either two courses of carboplatin 800 mg/m2 and etoposide 1500 mg/m2, HD-CE,
followed by one course of high-dose CTC-chemotherapy or one course of HD-CE
followed by the tandem administration of 2 courses of CTC-chemotherapy. Although this
study included patients who were pretreated with cisplatin-based chemotherapy, CTCassociated toxicity was manageable and reversible even when CTC was administered
twice. A single patient developed a hemorrhagic cystitis following the second course of

CTC-chemotherapy, which had not resolved at the time of his death, 2.5 months
following the second transplantation. A very high survival rate was observed in patients
who had relapsed from a first or second complete remission, with 7 out of 11 patients
apparently cured. Patients with cisplatin-refractory disease or an unresectable partial
remission following standard chemotherapy, however, continue to face a poor prognosis
requiring other strategies, possibly even further dose escalation or the introduction of
novel agents.

Following the introduction of CBPC-transplantation, controversy has arisen
concerning the minimal number of progenitor cells required for a rapid and sustained
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hematopoietic recovery. In addition, different methods for estimating this number are
available. In Chapter V, we report our data on hematopoietic reconstitution after CBPCtransplantation evaluated in relation to patient characteristics, the size of the graft (determined by different methods), and to the use of G-CSF following stem cell reinfusion. It
was found that both the numbers of colony-forming units of granulocytes and macrophages (CFU-GM) and CD34+ cells reinfused, but not the number of mononuclear cells
(MNC), correlated with granulocyte and platelet recovery. A close correlation between
the CFU-GM numbers and the CD34+ cell counts could be determined, while neither of
these was clearly superior to the other in predicting hematopoietic engraftment. Based
on these data we discontinued the routine use of the more labour-intensive CFU-GM
assays in single-procedure stem cell reinfusions. Reinfusion of a number of 3.0-5.0 x106
CD34+ cells/kg body weight was consistently associated with a rapid and durable
engraftment whereas the post-transplant administration of G-CSF significantly accelerated
the granulocyte recovery.

Finally, in Chapter VI the toxicity of radiotherapy following either high-dose
CTC-chemotherapy with CBPC-support or intensive FEC-chemotherapy in 70 patients
with high-risk breast cancer is described. In the majority of studies evaluating the role
of high-dose chemotherapy in high-risk breast cancer, the high-dose regimen is part of
a combined modality approach preceded by chemotherapy and surgery and followed by
radiation therapy. In this setting, severe hematological and pulmonary toxicities during
and following radiotherapy have been reported that may be related to the preceding highdose regimen. However, in non-randomized studies the exact contribution of the high-dose
regimen to the toxicities observed is difficult to determine. In this chapter, we describe
the toxicity of radiotherapy preceded by 4 courses of FEC either followed by another
FEC-course or by high-dose CTC-chemotherapy. Radiation pneumonitis which responded
favorable to the administration of prednisone, was observed in 5 patients, 4 of whom had
undergone high-dose chemotherapy (p=0.38). Precipitating factors may include a history
of lung disease or a relatively high radiation dose to the chest wall. The myelosuppression
observed did never require interruption or untimely discontinuation of the radiotherapy,
although significantly more bone marrow suppression was observed in patients who had
received high-dose CTC-chemotherapy. It is concluded that adequate radiation therapy
can safely be administered after high-dose CTC-chemotherapy with CBPC-support.

Based on the data presented in this thesis it is fair to conclude that the triplealkylator high-dose regimen CTC with CBPC support is well tolerated in adult patients
152

Summary and conclusions

with solid tumors for whom the prognosis with standard chemotherapy would be poor.
Irreversible organ toxicity following high-dose CTC-chemotherapy was not encountered,
even when this regimen was administered twice in cisplatin-pretreated patients.

In order to establish the role of any high-dose chemotherapy regimen in the
treatment of breast- and germ cell cancer or other solid tumors large, well-designed
randomized clinical trials will have to be performed. Based on the techniques described
in this thesis, a randomized trial is in progress in the Netherlands evaluating the role of
high-dose CTC-chemotherapy in breast cancer patients with metastases to 4 or more
axillary lymph nodes. Similar randomized trials in primary breast cancer are underway
in the USA, but the earliest analysis of data is not to be expected before 1999.
Since the objective of these treatments is to cure patients of their disease and to
achieve multiple decades of survival, it is particularly important to monitor the long-term
toxicities of the regimens in use. High-dose alkylating chemotherapy could cause second
cancers, late organ toxicity and possibly more subtle toxicities, such as neuropsychological
impairments. The extent of these sequelae may not become clear until well into the next
century.
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De behandeling van solide tumoren met hoog-gedoseerde chemotherapie met
ondersteuning van autoloog beenmerg of perifere bloed stamcellen is de laatste jaren
onderwerp van intensief klinisch (experimenteel) onderzoek.
Toediening van chemotherapie in zeer hoge doseringen is een van de manieren
om resistentie van tumoren tegen cytostatica teniet to doen. In de kliniek werd dit
concept het eerst beproeft bij de behandeling van hematologische maligniteiten. Na
hoog-gedoseerde chemotherapie, gevolgd door een allogene beenmergtransplantatie,
werden in patienten met leukemie, die resistent waren tegen de gangbare
chemotherapeutische behandelingen, partiele- en zelfs langdurige complete remissies
gezien.

Sinds de beginjaren 1980 wordt hoog-gedoseerde chemotherapie met autologe
beenmergtransplantatie (ABMT) toegediend aan patienten met solide tumoren.
Behoudens o.a. bij het ovariumcarcinoom, het longcarcinoom en het weke

delensarcoom vindt evaluatie van deze intensieve behandeling vooral plaats bij
patienten met testiscarcinoom of mammacarcinoom. Aanvankelijk betrof dit
uitsluitend patienten met gemetastaseerde ziekte voor wie de standaard therapeutische

mogelijkheden waren uitgeput. Alhoewel van korte duur werden bij deze refractaire
tumoren remissiepercentages van 50-70% beschreven. Deze resultaten rechtvaardigden verdere evaluatie van hoog-gedoseerde chemotherapie met ABMT in een eerder

stadium van de ziekte hetgeen in belangrijke mate werd ondersteund door de
verbetering van de 'supportive care'. Met het ter beschikking komen van de hematopoietische groeifactoren en het gebruik van perifere bloed sfamcellen in plaats van

autoloog beenmerg kon een verdere reductie van de myelotoxiciteit van hooggedoseerde chemotherapeutica worden bereikt.

Het ondervangen van de myelotoxiciteit heeft tot direct gevolg gehad dat
toxiciteit aan andere organen zich als dosis-beperkende factor bij de toediening van
hoog-gedoseerde chemotherapie geopenbaard heeft. Preventie van blijvende, invaliderende orgaanschade vereist een zorgvuldige selectie van de cytostatica die onderdeel
uitmaken van het hoog-gedoseerde chemotherapie schema. In Hoofdstuk I wordt een

overzicht gegeven van de cytostatica die het meest gebruikt worden in de hooggedoseerde chemotherapie schema's. De farmacokinetiek en de toxiciteit van ieder
cytostaticum worden beschreven, alsmede een overzicht van de toxiciteit van hun
combinaties, wanneer zij toegediend worden in hoge doseringen.
Evaluatie van de therapeutische waarde van hoog-gedoseerde chemotherapie
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met ABMT en/of perifere bloed stamceltransplantatie (PBCS-T) bij de behandeling
van borstkanker richt zich de laatste jaren hoofdzakelijk op patienten met
gemetastaseerde ziekte in eerste complete remissie en in de adjuvant setting bij de
zgn. hoog-risico patienten. Deze laatste catagorie betreft patienten bij wie bij

presentatie sprake is van uitgebreide metastasering naar de okselklieren zonder
metastasen op afstand. Voor vrouwen met meer dan 3 positieve okselklieren wordt de

nauwelijks 20% 10 jaars overleving slechts ten dele verbeterd na toediening van
standaard adjuvante chemotherapie. Het effect van de adjuvante chemotherapie lijkt
omgekeerd evenredig met het aantal aangedane okselklieren. Bij patienten met
metastasen naar de infraclaviculair klier, de okseltop, is het effect van adjuvante
chemotherapie op de overleving dermate gering dat in vele centra besloten is tot
uitsluitend radiotherapeutische interventie als standaard therapie.
Sinds 1991 worden in Het Nederlands Kanker Insituut / Antoni van

Leeuwenhoek Huis borstkanker patienten met metastasen naar de okseltop gerandomiseerd in een studie die tot doel heeft de waarde van hoge dosis chemotherapie
met PBSC-T bij deze hoog-risico patienten to evalueren. De studie behelst een
gecombineerde behandeling bestaande uit chemotherapie, chirurgie, radiotherapie en
hormonale therapie. Na cytologische bevestiging van een klinisch verdachte tumor in
de borst, wordt, alvorens tot verdere behandeling over to gaan, eerst een biopt van de
infraclaviculair klier genomen. Indien hierin aanwijzingen worden gevonden voor
metastasering volgt 'up-front' toediening van 3 kuren chemotherapie. Bij bewezen
klinische respons van het primaire tumorproces vindt chirurgische interventie plaats.
Hierna volgt randomisatie tussen wel of geen hoog-gedoseerde chemotherapie met
PBSC-T. Beide behandelingsarmen worden gevolgd door radiotherapie en hormonale
therapie. Uitgaande van deze studieopzet is in 1994 een vergelijkbare landelijke studie

van start gegaan voor patienten met borstkanker met uitzaaiingen in 4 of meer
oksellymfklieren.
Een dergelijke gecombineerde behandeling vereist een 'up-front' chemotherapie

die binnen een beperkt tijdsbestek toegediend kan worden, een zo groot mogelijke
tumorrespons induceert en slechts minimale toxiciteit veroorzaakt teneinde de verdere
behandeling niet to compromiteren. Gekozen is voor de toediening van FEC-chemotherapie (5-fluorouracil, epidoxorubicin en cyclophosphamide) met een hoge dosis
epidoxorubicin, 120 mg/m2, FE120C. Zoals beschreven in Hoofdstuk II, voldoet
FE120C-chemotherapie aan de eisen zoals zojuist geformuleerd; analyse van de
resultaten van de eerste 70. patienten toont aan dat 3 kuren FE120C-chemotherapie,
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zonder ondersteuning van hematopoietische groeifactoren, met een interval van 21

dagen aan 67 van de 70 (96%) patienten toegediend kon worden. Slechts in 3
patienten moest vanwege een vertraagd hematologisch herstel 1 kuur FE,20C met 1
week worden uitgesteld. Beenmergdepressie vormt de belangrijkste toxiciteit, doch

heeft zelden belangrijke klinische consequenties. Een 90% klinische objectieve
respons, met een 15% pathologische complete remissie, getuigen van een goede
effectiviteit. Tot slot is, zoals eveneens in dit proefschrif wordt beschreven, 1 kuur
FE120C chemotherapie, indien gecombineerd met 'granulocyte-colony stimulating
factor' (G-CSF), in staat een adequate hoeveelheid perifere bloed stamcellen to
oogsten.

In Hoofdstuk III worden de eerste resultaten gepresenteerd, met betrekking tot
de haalbaarheid en toxiciteit, van een hoog-gedoseerd chemotherapie schema
bestaande uit carboplatine 1600 mg/m2, thiotepa 480 mg/m2 en cyclophosphamide
6000 mg/m2, CTC. Achtentwintig patienten met mammacarcinoom met uitgebreide
metastasering naar de oksellymfklieren ontvingen hoog-gedoseerde CTC-chemotherapie met PBSC-T. Tevoren werden de PBSC geoogst na mobilisatie met een kuur
FE120C-chemotherapie in combinatie met een lage dosis G-CSF. De CTC-chemotherapie met PBSC-T werd goed verdragen alhoewel alle patienten meerdere dagen
last hadden van misselijkheid en braken. Ernstige of levensbedreigende toxiciteit werd
echter niet waargenomen. Dit ondanks de hoge dosering carboplatine die tweemaal zo

hoog is als de dosering zoals gebruikt in het STAMP V schema, dat dezelfde 3
chemotherapeutica bevat. Een belangrijk klinisch probleem vo'rmde de complicaties
veroorzaakt door het gebruik van de centraal veneuze catheter, zoals het optreden van
trombose en infecties. Meest waarschijnlijk houdt dit verband met de diameter van de
catheter die een bepaalde grootte moet hebben om de vereiste flow to krijgen tijdens
leukaferese.

Het hematopoietische herstel na CTC-chemotherapie met PBSC-T was snel en
bleek significant beinvloed to worden door de toediening van G-CSF na reinfusie van
de stamcellen.
Hoofdstuk IV beschrijft de resultaten van de toediening van hoog-gedoseerde
CTC-chemotherapie aan 18 patienten met een recidief of refractair testiscarcinoom. In
het eerste deel van de studie bestond de behandeling uit twee kuren hoog-gedoseerde
carboplatine, 800 mg/m2, en etoposide, 1500 mg/m2, (HD-CE), gevolgd door een
eenmalige toediening van hoog-gedoseerde CTC-chemotherapie met ABMT. Na het
beschikbaar worden van de PBSC-T werd de opzet van de behandeling veranderd in
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de sequentiele toediening van den kuur HD-CE en twee kuren CTC-chemotherapie
met PBSC-T.

Alhoewel het merendeel van de patienten was voorbehandeld met cisplatinebevattende chemotherapie bleek het haalbaar om CTC toe to dienen, ddn-en
tweemalig, zonder irreversibele orgaanschade. Edn patient ontwikkelde echter een
hemorrhagische cystitis die nog niet volledig bestreden was ten tijde van zijn
overlijden, 2,5 maand na zijn tweede CTC-chemotherapie.

Bij de patienten die behandeld waren vanwege een recidief na een eerder
bereikte complete remissie werd na CTC-chemotherapie zeer waarschijnlijk curatie
bereikt bij 7 van de 11 patienten. De prognose van patienten bij wie sprake was van
refractaire ziekte of bij wie een eerdere behandeling had geresulteerd in een partiele
respons leek echter niet verbeterd na toediening van hoog-gedoseerde CTC-chemotherapie. Bij deze groep patienten zullen nieuwe medicamenten of misschien verdere
dosis-escalatie van bestaande chemotherapeutica uitkomst moeten bieden.
Het gebruik van de PBSC-T heeft tot vragen geleid ten aanzien van het
minimale aantal stamcellen vereist voor een snel en blijvend hematologisch herstel na
hoge dosis chemotherapie. Daarnaast zijn er meerdere methoden beschikbaar om het
aantal stamcellen to quantificeren. In Hoofdstuk V wordt een overzicht gegeven van
het hematologisch herstel na PBSC-T in relatie tot de karakteristieken van de

patienten, de grootte van het transplantaat zoals bepaald door de verschillende
methoden en in relatie tot het gebruik van G-CSF na stamcel reinfusie. Er werd een

duidelijke correlatie gevonden tussen zowel het aantal 'colony-forming units of
granulocytes and macrophages' (CFU-GM) als het aantal CD34+ cellen en het herstel

van granulocyten en trombocyten na reinfusie. Een voorspellende waarde van het
aantal mononucleaire cellen (MNC) ten aanzien van het hematologisch herstel kon
echter niet worden aangetoond. Tussen het aantal CFU-GM en het aantal CD34+
cellen bleek een nauwe correlatie to bestaan terwijl geen van beide superieur was in
het voorspellen van het hematologische herstel. Aangezien het bepalen van het aantral

CD34+ cellen eenvoudiger en minder bewerkelijk is werd besloten om bij enkelvoudige transplantaties uitsluitend to varen op het aantal CD34+ cellen als determinant
voor de grootte van het transplantaat. Reinfusie van 3.0-5.Ox106 CD34+ cellen /kg
lichaamsgewicht resulteerde in een snel en blijvend hematologisch herstel, waarbij de
toediening van G-CSF van significante invloed was op de snelheid van herstel van de
granulocyten.

In het merendeel van de studies waarin de waarde van hoog-gedoseerde
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chemotherapie bij patienten met een hoog-risico borstkanker wordt onderzocht, is
deze intensieve behandeling onderdeel van een gecombineerd behandelingsschema
waarin zij voorafgegaan wordt door standaard chemotherapie en chirurgie en gevolgd
wordt door radiotherapie. In deze setting is door anderen ernstige hematologische- en
pulmonale toxiciteit tijdens en na de radiotherapie gerapporteerd die mogelijk verband
houdt met het aan de radiotherapie voorafgaande hoge dosis chemotherapie schema.

Tot op heden zijn er echter geen gerandomiseerde studies beschreven zodat de
bijdrage van de hoge dosis chemotherapie aan de toxiciteit niet met zekerheid vast to
stellen is. In Hoofdstuk VI worden de resultaten gepresenteerd van een onderzoek
naar de toxiciteit van radiotherapie wanneer zij voorafgegaan wordt door hetzij 4 of 5
kuren FEC-chemotherapie hetzij door 4 kuren FEC-chemotherapie en hooggedoseerde CTC-chemotherapie met PBSC-T. Vijf van de 70 onderzochte patienten,
van wie 4 CTC-chemotherapie hadden gehad, ontwikkelden een radiatiepneumonitis
(p=0,38). Reeds bestaand longlijden, zoals COPD, en een relatieve hoge radiatiedosis zijn mogelijke predisponerende factoren voor het ontwikkelen van longschade na
radiotherapie. Myelotoxiciteit was significant meer uitgesproken bij patienten die
CTC-chemotherapie hadden gehad doch onderbreking of voortijdig staken van de

radiotherapie was bij geen van de patienten geindiceerd. Op basis hiervan wordt
geconcludeerd dat er geen belemmeringen zijn om na hoge dosis CTC-chemotherapie
adequate radiotherapie toe to dienen, teneinde optimale locale controle to verkrijgen.

Naar aanleiding van de resultaten zoals beschreven in dit proefschrift lijkt het
gerechtvaardigd to concluderen dat hoog-gedoseerde CTC-chemotherapie met PBSC-T
goed verdragen wordt door patienten met solide tumoren wier slechte prognose door
behandeling met standaard chemotherapie niet verbeterd zou worden. Irreversibele
orgaanschade als gevolg van CTC-chemotherapie werd niet waargenomen, zelfs niet
bij cisplatine-voorbehandelde patienten die dit schema meermalig kregen toegediend.
Prospectieve, gerandomiseerde klinische studies met voldoende aantallen
patienten zijn nu vereist om definitief de plaats vast to stellen van hoog-gedoseerde

chemotherapie bij de behandeling van mamma- en testiscarcinoom patienten en
patienten met andere solide tumoren. Gebaseerd op de methoden en resultaten zoals
gepresenteerd in dit proefschrift is er in Nederland een rationale, gerandomiseerde
studie geinitieerd in een poging een antwoord to krijgen op de vraag naar de rol van
hoog-gedoseerde CTC-chemotherapie bij patienten met een mammacarcinoom met

metastasen in 4 of meer oksellymfklieren. Vergelijkbare studies worden op dit
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moment verricht in de Verenigde Staten; de eerste analyse van de gegevens wordt
echter niet verwacht voor 1999.

Het doel van deze intensieve methoden van behandeling is de patient to
genezen en een langdurige overleving to bereiken. In dit licht is het van groot belang

de toxiciteit van de hoge dosis chemotherapie nauwkeurig vast to leggen. Hooggedoseerde alkylerende chemotherapie kan naast secundaire maligniteiten late
orgaanschade induceren alsmede meer subtiele afwijkingen zoals cognitieve functiestoornissen. De omvang van deze gevolgen van de in opzet curatieve behandeling met

hoog-gedoseerde chemotherapie zal vermoedelijk pas ver in de volgende eeuw
duidelijk worden.
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